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Abt. L — Alexander van Humboldt, his early Life, his Education, 
his Writings, and his Books ; by Henry Stevens of Ver- 
mont, F.S.A. etc., 4 Trafelgar Square, London. 

The higher the sun the shorter the shadow ; even so the 
greater the eminence of a philosopher the briefer need be his eulo- 

g^ by the unphilosophicaL Nevertheless so exceptional was 
umboldt in himself; his early training, his achievements, it 
may not be deemed out of place here, though perhaps at the 
expense of wearying the unlearned who need not know so 
much, or worrying tne learned who know it already, to recapit- 
tilate a few of the well known points in the life, eaucation, and 
character of this illustrious man. 

If the indifferent reader will run his quick eye over the titles 

of the seventeen thousand volumes recorded in the Catalogue 

. of his Library he will, no doubt, see at a glance that in very 

nianj respects, it is the most extraordinary collection of modem 



[The above article has been contributed to the Journal at 
our request by Mr. Henry Stevens, a gentleman of well known 
bibliographical attainments, who purchased the library of Hum- 
boldt, not long after his decease, and who has arrived at many in- 
teresting conclusions in respect to the distinguished scientist, 
based chiefly upon the exammation of his literary and scientific 
collections. It was originally written as a preface to a Catalogue 
of the Library prepared under the direction of Mr. Stevens. Ow- 
hig to a change in Mr. Stevens's plan respecting its publication, 
some slight alterations have been made in it, but not m any way 
to affect the comments upon Humboldt. — Eds.] 

Am. Jour. Soi — Segoud Sbbus, Vol. XLIX, No. 145.— Jan., 1870. 
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scientific books, especially those pertaining to the physical sc 
ences, ever brought together. It is true, many of the comma 
every-day standard works of this class such as * no library should 
be without,' are wanting here, particularly the long sets of scien 
tific periodicals, the transactions of learned societies and othe 
equally valuable and bulky books ; but when it is remem beret 
that the great philosopher, while in Paris, where for twenty yean 
he was revising and finishing what he had done, and afterwaidi 
while at Berlin, where in his old age, in working up his mastw 
pieces of thought, he brought back to the anvil that which h( 
nad hammered, always had at his elbow some of the best publi( 
and private libraries in France and Germany, as free to him « 
all times as his own, their absence from his own collection i 
accounted for. But the reader will observe that an unusuall) 
large proportion of Humboldt's books cannot be found in an) 
other single library, public or private, in Europe or America 
not excepting even the British Museum, the Imperial Librai] 
of Paris, the Royal Library of Berlin, or the Royal Society o 
London. Indeea it is a matter of fact, that on a careful ex 
amination in 1862-3, it was found that the library of the Britid 
Museum, was deficient in at least one-third of the titles entere( 
in this catalogue, every one of which was deemed a desirabli 
acquisition. These were mostly privately printed or unusna 
worka Almost every page of the catalogue contains book 
important in themselves, which no money can buy in the usua 
channels of commerce, but which in everv tongue were draw: 
together from all parts of the world, by the irresistible gravita 
tion of Humboldt's name. 

About the year 1855 in this country an unfortunate publi 
impression was achieved, for a purpose, and sedulously enforce 
by high authority, to the effect that the collection of lare 
libraries of scientific and other books was not necessary to tE 
increase and diffusion of knowledge among men, " There are tw 
individuals," wrote a distinguished savant to the Committee < 
Congress, " who may, without qualification, be considered tl 
most prominent scientific men of the nineteenth century — Cuvi< 
and Humboldt By what means have they given such powe 
fill impulse to science ? How have they succeeded not only i 
increasing the amount of knowledge oi their a^e, but also i 
founding new branches of science r It is by their own pubKci 
tions and by aiding in the publications of others ; by makiii 
large collections of specimens and other scientific apparatu 
and not by the accumulation of large libraries. Humbolc 
never owned a book, not even a copy of his own works, as 
know from his own lips. * He was too poor,' he once said 1 
me, * to secure a copy of them '; and all the works he receive 
constantly from his scientific friends are distributed by him t 
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needy students." The very historical truth was then and is 
Qow that the two best scientific private libraries in Europe be- 
longed to Cuvier and Humboldt, the one lining the splendid 
salons in which the baron held those historic reunions; the 
other described in this catalogue which contains all the books 
Humboldt ever wrote, many of them thumbed, worn and an- 
notated. 

Humboldt was a fortunate child of natura A lucky star 
seems to have presided at his birth. On the third of June, 1769; 
occurred the rarest and most important phenomenon within the 
whole range of mathematics and astronomy ; an event more 
favorable of its kind than any that had been observed since 
the Christian era b^an, or would again occur for hundreds of 
jears ; an event which Bittenhouse in America, Euler in Ger- 
many and many other eminent astronomers of other countries 
were deputed to observe for the benefit of mankind. The last 
Transit of Venus* the great opportunity for determining the 
sun's parallax, and consequently the dimensions of our planetary 
system and our globe, was a conjunction of planets coincident 
with the birth of twelve imperial men of nature, more renowned 
than the twelve Caesars. No other single yearprobably, before 
or since, ever produced such men as Napoleon, W ellington, Soult 
and Ney ; Brunei, Mehemet Aly, Turner, Sir Thomas Lawrence, 
Chateaubriand, and Castlereagh ; Cuvier and Humboldt ; men 
who upturned the world and set it right again ; who revolution- 
ized science, art, politics, states, ana the afiidrs of mankind. 
Humboldt, in many respects the most gifted of them all, out- 
lived them alL 

With his life ended, and became historic, the first ffrand 
period of modem science. The times that developed the 
French Revolution ripened Humboldt, and made conspicuous 
others, many of them his friends and fellow laborers, among 

^ TtnofiMto of Vemt8 are as rare as they are important They occur in couples, in 
June and December, about eight years apart, and then not again for several gener- 
ations Kepler was aware of the phenomenon and as early as 1604 announced 
that one would take place in 1761, but young Horrocks of Liverpool with better 
tables, and additional data, calculated that there would be a transit on the 4th of 
Dea, 1 639. He let a friend into his secret, and they two on the day named, for 
Venus was punctual, were the first ever known to observe it It was soon calcu- 
lated that one must have taken place on the 6th of Dea, 1631, and another in 
Jone, 1526, and that the next woidd not occur till the 5th of June, 1761. But of 
an the transits, past and to come, the climax would be, that of the 3d of June, 
1169, when Venus passed across tiie sun^s disc very near the center. The next 
one, but not visible in this country, will take place five years hence on the 8th of 
pea, 1874, which will be a g^rand one for science, considering the great advance 
in sdenlafic instruments, but far inferior to the last If, however, it produces only 
balf a dozen Caesars it will be a godsend to this rapid century. Let young folks 
^ note of the date 1874. Another will occur on the 6th of Dec., 1882, but not 
again till nearly five quarters of a century later, on the 7th of June, 2004 ; to be 
followed eight years after, on the 5th day of June, 2012 ; to be repeated in Dec., 
2117, and so on. 
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whom may be named LaPlace, Lalande, Gray-Lussac, Kuntli, 
Bonpland, Oltmans, Oersted, Bicliat, Delambre, Bessel Ber- 
zelius, Davy, Robert Brown, Dalton, Herschel, DeCandolle, 
Latreille, Valenciennes, Audubon, David d'Angier, Arago, 
Gauss, Bitter, Miiller, Leopold von JBuch, Vamhagen von Ense, 
Compte, Biot, et al, names themselves suggesting discoveries, 
inventions and unbounded knowledge. 

Alexander von Humboldt was bom in Berlin on the 14th of 
September, 1769, and died there on the 6th of May, 1859, in the 
ninetieth year of his age. A rapid sketch of ms youth and 
early manhood will serve to show how well he prepared him- 
self, single-handed, to accomplish so much ; more even than 
most of the learned academies of which he was a member, and 
certainly not less than any of the great Vovages of Discovery, ] 
and celebrated Exploring Expeditions conducted at the pubhc j 
expense. The course pursued with him was so peculiar, and 
contrasts so completely with the usual course of training in the 
colleges of this country, even in the scientific departments, that 
no pains have been spared to render this account as complete 
and exact as possibla Unroll the scrolls of biography and no 
name will be found a brighter example to stimulate, encour- 
age and direct the youthful student than that of Humboldt 

He was fortunate in his father. Major von Humboldt, who 
gave him wealth and position; favored in his elder brother 
WUliam, who gave him the best of companionship, whom he 
and the world alike loved and honored through a long life ; 
and blessed in his noble mother, to whose virtues, devotion to 
her boys, energy of purpose, and conmion senae he owed a 
right start both m the political world, which he disliked, and 
in the physical world, which he adored. The earliest tutor chosen 
by the mother to teach and play with the two boys was Campe 
the educationist, who among other children's books, edited in 
German, Robinson Crusoe, a work which no doubt had its early 
influence in bending the youthful twig. When Alexander was 
eight years old his father died. The mother and her two boys 
then hved at Tegel the old homestead a few miles fix)m Berlin. 
Alexander's constitution was not very strong. In the year 1779 
the widow was fortunate enough to secure for their companion 
and tutor, G. J. Christian Kunth, a youth of twenty, a rare and 
noble fellow, in whom the mother could and did place implicit 
confidence. He took charge of the brothers, and became theiir 
guide, companion and friend, at the same time being in con- 
stant consultation with their mother. How admirably h^ 
guided them in their boyish games and studies, and how faith— 
mlly he labored for and with them in after life, both the brothers 
bear ample testimony. The next year, when Alexander wa^ 
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even, he beard at Tegel private lectures on botany by Heim. 
Vo years later Kunth used to take the boys to Berlin to pursue 
keir studies with private masters. They studied together, but 
ach was allowed to follow his own bent Though Alexander 
lifFered widely from William in his inclination for some studies, 
fet both were alike ardent, and each svmpathized with the 
biste of the other. Here Loffler taught them Greek, and 
voung Willdenow, a rising botanist, with perhaps the best 
Wbarium in Europe, instructed them in botany, while Dohn, 
Engel, Ellein and other distinguished professors were engaged 
by their ever faithful tutor, to give them private lectures in 
law, politics, philosophy, mathematics, and the physical sciences. 
Kunm too heard all these lectures, and a little boy of nine, 
four years younger than Alexander, heard some of them, 
Leopold von Buch his name. 

Tnus they passed two years partly at the capitol and partly 
tt Tegel, always under the watchful care of Kunth, and all 
three under the eye of the mother, with no temporal cares to 
petard theirprogress, and no family obscurity to embarrass their 
position. Two years later Kunth and his charge, late in 1785, 
took their first leave of the mother for a time, and went to join 
the University at Frankfort on the Oder, where they resided 
two years or more, in the family of their Greek professor Loffler, 
who had removed thither from Berlin. At Easter, 1788, having 
exhausted the resources of Frankfort and grounded for a 
higher course, Kunth accompanied the brothers to Gottingen, at 
that time the most celebrated University of Germany. Here 
Alexander at the age of eighteen foimd ample scope for all his 
aspirations in nature and natural science, and both orothers had 
more ample opportunities afforded them to follow out the diverse 
branches of research to which each felt a strong innate ten- 
dency. 

The University of Gottingen was then at its zenith, with the 
best selected library of modem books in Europe. Here they 
met and cemented lasting friendships with those world-renowned 
Professors, Blumenbach, Eichhom, Gmelin, Heeren, Heyne and 
George Forster, aU of whom in after life the brothers were never 
tired of naming with love and gratituda The wives of Heeren 
and Foster were the accomplished daughters of Heyne, he of 
the Homer, he of the Virgil, who was himself both Professor of 
languages and librarian of the University. Into this learned 
femily circle the brothers were cordially admitted in the closest 
terms of intimacy. Alexander soon became the favorite pupil 
of the great naturalist Blumenbach, and was proud to call him- 
self the scholar of Gmelin. ^ 
But it was to George Forster that Alexander never ceased to 
acknowledge his indebtedness. Forster was then only thirty- 
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four. He had accompanied Capt Cooke in liis second voyage 
round the world in 1773-1775, with his father J. Beinhold Fore 
ter, and in the following year 1777 gave to the world his mar- 
velous book, Reise nach der Sudsee^ which afterwards made a 
profound impression on the mind of young Humboldt, and was 
perhaps the first great incitement in him to the scientific study 
of nature. How rejoiced then must he have been to find at 
Gottingen, Forster whose voyages he knew by heart, and whom 
he delighted long after to call *my celebrated teacher and 
friend.* *If I mightj* wrote he in Cosmos in the late evening 
of his life, *be permitted to instance my own experience, ana 
recal to mind the source from whence sprang my early and 
fixed desire to visit the land of the tropics, I should name 
George Forster's Delineations of the South &a Islands,^ etc. 

The same year, 1788, and while enjoying the society of Fors- 
ter, there appeared another little book which seems to have still 
further aroused his love of nature and strengthened his resolu- 
tion, already formed, for great voyages. This was Bemardin 
de St Pierre's master work, Paul and Virginia^ a copy of 
which he says in Cosmos * accompanied me to the climes whence 
it took its origin. For many years it was the constant compan- 
ion of myself and my valued friend and fellow traveler Bon- 
pland, and often in the calm brilliancy of a southern sky, or whea 
m the rainy season the thunder re-echoed, and the lightning 
gleamed tmx>ugh the forests that skirt the shores of the Orinoco, 
we felt ourselves penetrated by the marvelous truth with whicb 
tropical nature is described, with all its peculiarity of character, 
in this little book.' 

After a residence of nearly two years at Gottingen, studying 
languages, botany, zoology, geography, chemistry, mathematics, 
geology, mineralogy, etc., in the spring of 1790, Humboldt; 
joined his friend Forster at Mayence, whither he had removed, 
and they two set out on a private scientific Exploring Expedi- 
tion down the Rhine. At that time the great question that de- 
vided geologists, had reference to the Plutonian and Neptunian- 
origin of rocks. The Basalt of that noble river was before 
him, and accoutred as he was he plunged into the controversv 
with mind impartial and fresh from the university. The result 
of his investigations appeared the same year in his first book, 
at the age of twenty, entitled, Minerahgische Beobachtungen iiber 
einige Basalie am Rhein, Braunschweig^ 1790, 12°. It is a ver]r 
neat little volume arrranged with taste and judgment, and in a. 
scientificpoint of view is said to be creditable to a much older 
head. The book was published anonymously and is now but 
little known, being very scarce. The copy described in th^ 
Catalogue (No. 4563), and now belonging to General Fremont, 
possesses peculiar interest It bears the author's autograph sig- 
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nature, at the end of the dedication, and was presented to Pro- 
fessor Gmelin in 1790, with an affectionate inscription * by his 
scholar, A. von Humboldt' More than sixty years after, on his 
eighty-fifth birth-day, this precious little volume was re-presen- 
ted by Theodor Wagener to the great philosopher, who on the 
Uth of Sept, 1854, inscribed in it a graceful memento of his 
jrouth and of his old aga 

From the Rhine the travelers passed through Holland and 
Belgium, and thence to England, where Forster introduced 
Humboldt to the President of the Royal Society, Sir Joseph 
Banks, his fellow voyager fifteen years before with Capt Cookc 
round the world. He was warmly received by many of the 
scientific men of London. At the nouse of Warren Hastings 
he was shown some pictures by Hodge representing the shores 
of the Ganges, whicn made a lasting mipression upon his youth- 
ful mind, and still further increased his longing for travel. On 
returning to Germany he published his book:, and then the first 
great question of his life was asked by his mother. What next ? 
There is some pretty strong evidence that she desired him to 
take to political life and become a diplomatist or statesman. 
At all events it was determined that he should enter upon some 
pubUc employment, and the better to qualify him for this, he 
wait to Hamburgh, and in the winter of 1790-1791 attended 
the celebrated Commercial Academy of Ebeling, studying busi- 
ness, accounts, trade, banking, and commerce, as much as his 
ardent love of the physical sciences would permit But even 
here, of all places m the world, he was unexpectedly encouraged 
inhis ruling passion. Ebeling became his fiiend and opened 
to him the treasures of his own private library, at that time one 
of the largest collections of voyages and travels with maps 
and geographical works relating to America, then in Europa 
Ebelnig was about to go to press with the first volume of ms 
great work on America and hence his mind was full of the sub- 
j«Jt That rich collection was afterward purchased by Mr. 
Thomdike of Boston, and presented to the library of Harvard 
Collie, of which to this day it forms a prominent feature. 

After a struggle of a few months between business and sci- 
ence, Humboldvs inordinate love of the latter finally triumphed, 
and in 1791 he turned his back on Ebeling his friend, and com- 
merce his foe, and soon after found himself in Werner's house 
in Freiberg, with that dear boy for his chum whom he had met 
at lectures eight years before in Berlin, Leopold von B\ich, then 
a youth of seventeen, Werner, at that time the greatest geolo- 
gist of the age, was Director of the School of Mines at Frei- 
berg. From sight these two young men became fiiends for 
life. More than three score years later, wrote Humboldt, * That 
I should be destined — I, an old man of eighty-three — ^to an- 
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nounce to yon, dear Sir Roderick, the saddest news that I coil 
have to convey : \ . . * Leopold von Buch w 'S taken Irom us th 
morning^ .... * without him lam desolate.' . . . *Hismir 
left a track of light wherever it passed.' . . . *We were t 
gether in Italy, in Switzerland, m France,— four months i 
Saltzburg.' At Freiberg Humboldt devoted himself with hun 
boldtian energy to the study of mining and metallurgy. H 
mind was ever open and ready for impressions, which it receive 
as surely as wax, and as speedily as photographv. No be 
could exhaust the wild flowers of the woods quicker than h 
could extract fix)m his masters all they had to impart Scarce 
ly a year then sufficed to accomplish nis aim at W emer's, whoi 
he left in March, 1792, and returned to his mother at TegeL 

Humboldt had now arrived at the end of his pupilage ; an 
such a pupilage I unparalled in biography. Who before hii 
was ever so favored dv fortune, so mentally gifted, so loving! 
fed, and so intellectually prepared, for the brilliant career upo: 
which he was about to enter ? Yet he took no royal roaa t 
his acquisitions, but that hard paved one open to all, with wori 
self reliance, energy and love of nature for mile stones. A 
this early age we find him in scholarship ripe beyond his yean 
a linguist, an archaeologist, a botanist, a geographer, a geolc 

S'st, a mineralogist, a metallurgist, a chemist, and an authoi 
is travels for the period had been considerable, and few ha 
so many learned fiiends. What a contrast to the youthft 
struggles of the immortal Franklin, and jet these two are pei 
haps the brightest examples for youth m record. Thus pre 
pared Humboldt was launched into the wide world at the ag 
of twenty-two, burning with an irresistible desire, as he repeal 
edly tells us in aft;er life, to travel in distant lands unexplorei 
by Europeans. 

The next five years, from 1792 to 1797, the young aspirant i 
tracked with some difficulty through a combination of circun 
stances well calculated to elevate, strengthen and mature hir 
for the execution of some grand project. Bom and educate 
in central Germany, remote from salt water, with a love of na 
ture ingrain and strengthening with his knowledge, he longe 
for the sea, as he tells us, and the tropics, and had already n 
solved, as soon as the opportunity presented itself, to go roun< 
the world, and gratify his enthusiasm for the savage beauties c 
tropical countries guarded by mountains and volcanoes, shad© 
by primeval forests and watered by vast unexplored rivers ; an 

foing or coming, explore that New World where man and hi 
andiworks of ancient and modem civilization had not intei 
vened to dwarf the stupendous display of gigantic nature. Al 
his studies now tended to qualify him for a scientific travelei 
As his journey was to be the circle of the globe, so his stud; 
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was the circle of the sciences. He worked hard and observed 
closely ; and, what in a young observer of nature is of the high- 
est importance, he reduced to order his observations and wrote 
them out During his short year with Werner, the parent of 
the Neptunian theory, he found time to collect and describe the 
crrptogamous plants he found growing far down in the mines 
of Freiberg. He made drawings of them, wrote out their nat- 
Tural history in good Latin, and sent his manuscript to Gottin- 
gen to his old friend and teacher, Blumenbach, wno soon aftei> 
letumed it, edited with his own notes, and backed with the seal 
of his approbation. The work,* a handsome quarto volume, 
saw the light the next year, at Berlin, it being his second book, 
at the age of twenty-three. The second part of it, Aphorisms 
on ihe chemical physiology of vegetables, he found of great use to 
him in his observations in America. 

This same year he accepted an official position under govern- 
ment in order that he might have influence and opportunities 
the better to pursue his investigations. He became the Super- 
intendent of Mines in Franconia, and during the short two 
years he held that position, is said to have remodeled the sys- 
tems of development and management. He inspected every 
department himself, near and remote, and became both an ex- 
ecutive officer and a business man ; while at the same time he 
was a student, an observer, an explorer and an author. His 
mental activity was perfectly marvelous, and his scientific and 
literary labors prodigious. He made experiments and contrib- 
uted many articles both in his own and m the French language, 
to the chief scientific journals of Germany and France. Hum- 
holdt thus early achieved a reputation throughout Europe as a 
risinff naturalist In 1795 he resigned this official position, 
which, although favorable to the cultivation of his favorite pur- 
suits, still did not fill his active mind, now more and more 
thirsting for explorations in the equatorial regions. This pas- 
sion lea him to devour and analyze the relations of voyages 
and travels to India, America, Africa and the Islands, but 
generally to regret the want of variety of knowledge in insu- 
lted branches of natural history. The great Expeditions of 
Fleurieuin 1768-69, of Bougainville in 1766-69, of Cooke 1768- 
1780 were fiimiliar to him as household words, as were also af- 
terward those of Vancouver, La Pdrouse and d'Entrecasteaux ; 
hntall these, though they gave ample accounts of the oceans, 
their islands and their coasts, yet left him unsatisfied as to the 
vast interiors of countries and continents. They developed 

^FLOHii Fbibbbgbtcbis Specimen Plantas ciyptogamicas prseeertim Bubterrane- 
ttexhibens. Aooedunt Aphorismi ex Doctrina Physiologiae chemicne Plantarum. 
|vPlate§, 4°, Berolini, 1793. The Aphorisms the next year, 1794, were translated 
into Qennan by G. Fischer, with additions by J. Hedwig, and a Preface by G. F. 
^wig, and published at Liepadg in 8yo. 
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marine geography and nautical astronomy, but left comparative- 

ly untouched, physical geography, botany, zoology, the relations 
of the vegetable world, the migrations of the social plants, and 
the geological structure of mountains and volcanoes. All these 
he found set forth more to his liking in M. de Saussure*s scien- 
tific explorations of the Alps and Vesuvius, which interested 
him profoundly and caused nim to study carefully both the re- 
sults and the use of the instruments by which they were at- 
Jtained. 

In this same vear, 1795, freed jfrom official care, Humboldt 
traveled much through Germany and visited Vienna, where he 
renewed his studies in botany and physical geography, studied 
and ti-aveled with Freiesleben the celeorated geognost, and with 
von Haften visited northern Italy, but was for political reasons 
deterred from going to the volcanic regions of Naples and Si- 
cily. At Vienna he became acquainted, with the recent discov- 
eries of Galvani which interested him deeply, and henceforth 
galvanism became one of his special studies, if indeed a mind 
of such general grasp can attend on specialties. Many months 
of most useful preparatory study he passed there examining the 
exotic plants, and enjoying the j&iendship, of M. de Jacquier 
and 01 M. Vander Schott Already familiar with the experi- 
ments of Franklin and others in electricity, he began there his 
famous experiments in chemistry, galvanism, electricity and other 
matters pertaining to organic life, which in importance and orig- 
inality rivalled the celebrated but subsequent investigations of 
Bichat 

About this time, at the instigation of Baron von Zach, he found 
time to acquire a practical knowledge of astronomy, surveying, 
geometry and mathematics, all so essential to travelers, and be- 
came familiar with the use of the various scientific instruments 
for ascertaining latitudes and longitudes, heights and distances, 
etc. Next, in the winter of 1796-97, we find him at Jena 
studying anatomy and physiology under Loder. Here he con- 
tinued his investigations into animal life in connection with 
chemistry, galvanism and electricity, and especially experi- 
mented on the irritability of the muscular fibre, the vital force 
in animals and plants, and almost hoped that he had found the 
clue to the phenomena of life. In close connection with thes^ 
studies he found it necessary to obtain a practical knowledge of" 
zoology, ichthyology and ornithology. All these investigation* 
and experiments, containing the germs of a new science, which^ 
especially in America, is to-day exerting itself with vigor, wer^ 
embodied in his tfard book* published m Posen in 1797, in two^ 
volumes in octavo. 

* Venuche uber die gereizten Munkel- und Kervenfasem oder Gkdyanismus, nebs'^ 
YermuthungeQ iiber doD obemisohen Process des LebeDS io derThier- uad Pflaiuoa — 
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Humboldt now began to think seriously of leaving Europe 
for a long journey, but regretted to do so without first having 
seen Vesuvius, Stromboli and Etna, to enable him by compari- 
son to form a * proper judgment of a great number of geologi- 
cal phenomena ; especially of the nature of the rocks of trap 
formation, it became necessary to have examined strictly the 
phenomena offered by burning volcanoes.' At Jena he re- 
vived his friendship with Goethe and Schiller, the one twenty, 
the other ten, years his senior, both of whom he terrified by his 
tremendous energy, and inspired with his own love of nature. 
*Mv natural historic studies have been roused from their win- 
ter sleep by his presence ' wrote Goethe to Schiller ; and wrote 
Schiller to Goetne * Although the whole family of Humboldt 
lie ill of the ague they speak only of great ioumies.' He there- 
fore determined to return to Italy and with his friend Leopold 
von Buch set out in November, 1797. They spent some time 
in Vienna, four months in the several cantons of Salzburg and 
Styria, pursuing to great advantage their geological investiga- 
tions ; but as they were about to pass the Tyrolian Alps tne 
ware of Italy compelled them to turn back, and, to Humboldt's 
peat regret, to abandon the volcanoes. They then proceeded 
through France home to Berlin.* 

The time had now arrived for immediate preparation for his 
great voyaga But whither go ? He was unaecided, the im- 
pediments of wars and politics being so great it was impossible 
to determina However, having buried his mother, and settled 
liis worldly affairs for a long absence, he set out for Paris in 1798. 
His fame had already preceded him, and he soon made the ac- 

Jnaintance of many savans, and set about earnestly to collect 
le instruments and all things necessary for a long scientific 
exploring expedition. The very list of this apparatus filling 
pages in his Personal Narrative is enough to overpower the mina 
of an unscientific traveller. There were chronometers, tele- 
scopes, (achromatic and simple), lunettes, sextants, reflecting 
9m repeating circles, theodolites, artificial horizons, quadrants, 
compasses, graphometers, dipping and other needles, magnetome- 
ters, pendulums, barometers, thermometers, hygrometers, electro- 
ineters, cyanometers, eudiometers, phosphoric eudiometei-s, boil- 
ing water meters, thermometrical leads, areometers, compound 
microscopes, meters, gauges, chains, tubes, vases, evaporators, 
Leyden vials, galvanic apparatus, eta, not one of each only, but 

weh mit Blumenbachs Anmerkimgen 2 vols., viii Plates. 8° Posen, 1797-1799. 
This work was immediatelj translated into French with the following title : Expe- 
riences 8ur le Galvanisme et en general sur I'irritation des fibres miiaculaires e t 
nerreuaea: trad, de Pallem. [par Gravel] avec des additions par J. F. N. Jadelot, 
oedidn. 8« Paris, 1799. 

• About this time he must have prepared his fourth and fifth books, wliich were 
printed at Braunschweig in octavo in 1799, the one iiher die chemische Zerkfjung des 
J^^eieee und iiber emige andere Gegenstdnde der Naturlehre^ and the other uber 
& mterirdiechm Gaaerkn tmd die MiUel ihren Nachtheil zu vermindem. 
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in many instances duplicates and even triplicates. Most of the 
instruments he had already tested in kind in his various travels 
and explorations the past two years, and had therefore confi- 
dence in his own judgment in selecting them. 

The first opportunity that presented itself he accepted, though 
not much to nis taste. Lord Bristol asked him to accompany 
him to Upper Egypt on an archseolo^cal exploring expedition 
of eight months. He accepted this proposal and for some 
time directed his studies in conformity with this new project; 
and though it was abandoned in consequence of the temporary 
insecurity to travelers, he found that the archaeological informa- 
tion then acquired proved in Mexico to be of no inconsiderable 
service to him. Meanwhile he had made the acquaintance in 
Paris of two young naturalists, Aim6 Bonpland of La Eochelle, 
and Michaux of Versailles, who had been appointed to the pro- 

Sosed Exploring Expedition to be commanded by Captain Bau- 
in, round the world by Cape Horn, skirting South America ftom 
the La Plata to Quito and ranama, and thence across the Pacific 
to New Holland, Van Diemen's Land, Madagascar (the scenes of 
his friends Paul and Virginia), and so home by the Caoe of Good 
Hope. Though Humboldt had little confidence in Capt Bau- 
din, he obtained permission to embark with all his instruments, 
reserving to himself, however, the liberty to leave the expedition 
whenever he thought proper. For several months he worked 
with an eye single to this great enteiTprise, with his whole heart 
and soul m it, when, on a sudden, news came that war had bro- 
ken out in Germany and Italv, and Napolean had determined 
to postpone the expedition inaefinitely. The disappointment was 
cruel, but the knowledge he had gained was not dissipated. His 
determination now was to quit Europe at once, by engaging in 
any enterprise that might tend to console him. 

He had made the acquaintance of a Swedish Consul, appoint- 
ed by his government to carry presents to the Dey of Algiers, 
passing through Paris, who onered to give to Humboldt, if 
he would accompany him, the advantage of his long acquain* 
tance in that part of Afiica, to facilitate him in visiting the 
Atlas Mountains of Morocco. No mineralogist had yet exam- 
ined this lofty chain of mountains which rose to the limit of 
perpetual snow. He jumped at this proposal, and his fnend 
Bonpland jumped with him. The Swedish frigate was to reack 
Marseilles towards the end of October, 1798, and therefore all 
three hastened thither. Two long months they waited there, 
and no frigate came, but finally news reached them that she hai 
met with accidents and could not be expected at Marseilles 
till spring. Disappointed again, almost disheartened, but not 
discouraged, they resolved to spend the winter in Spain, and iix 
the spring if possible embark at Carthagena or Cadiz for the 
East Their instruments they took with them, leaving only" 
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the duplicates at Marseilles to follow. Their object was still 
to work to the East, to India if possible. They crossed Catalo- 
nia, Valencia and Old Castile to Madrid, making on their way 
many astronomical and geographical observations, and ascer- 
tained the inclination of the needle and the intensity of the 
magnetic forces, the results of which were never published 

Immediately on their arrival in Madrid they had reason to 
rejoice at the wind that wafted them to Spain. Baron de Forell 
the Saxon minister, himself a mineralogist, at once interested him- 
self in their behalf, thought they might obtain through the en- 
lightened minister Urquijo, permission to visit the interior of 
Spanish America. The friends hesitated not a moment to adopt 
this suggestion. In Mar^h, 1799, Humboldt was presented at 
Court, and himself presented to the King a memoir on the mo- 
tives which led him to undertake a voyage to the new continent 
and the Phillippine Islands. The result was without delay two 
gassports for himself and Bonpland, one from the Secretary of 
otate, and the other from the Council of the Indies. That he 
might not be obstructed by narrow-minded viceroys, priests or 
remote officials of church or state, he had it set down plainly in 
the bond that he was authorized to make free use of his instru- 
ments of all kinds, might make astronomical observations, mea- 
sure heights and weigh mountains, examine the soil, explore riv- 
ers, inspect mines, and in short execute all operations deemed 
useful lor the progress of the sciences, throughout the whole of 
the Spanisb dominions. No passport from the Spanish govern- 
ment, before or probably since, was ever so liberal Thus after 
many disappointments, and changes of plans, consequent upon 
the wars ana the generally unsettled state of the political world, 
Humboldt had great reason to congratulate himself, as indeed the 
whtJe world with all the sciences at this dav has to congratulate 
itself, that he at last drifted into Spain, all tne tougher, the wiser 
and die better for his many disappointments. The travelers pro- 
ceeded immediately to Corufla, secured a passage in the Sloop 
Pizarro, a companion of the monthly packet boat, and in June, 
1799, embarked their instruments ana impedimenta. But the 
port of Corulla was at that time blockaded by an English squad- 
ion. However, under the protection of a fnendly storm which 
obliged the English to stand out to sea, and the cover of a dark 
mght, the Pizarro ran the blockade, and on the sixteenth of July, 
landed at Cumana in Venezuela, within sight of that beautiful Pa- 
ria which Columbus discovered in April, 1498, and believed to 
he Paradise, whence our first parents were expelled. Thus three 
hundred years after Columbus, an Italian, had sailed from a port 
in Old Spain to discover a new world, Humboldt, a German, and 
his friend Bonpland, a Frenchman, availed themselves of the 
same alien courtesy to go and discover what it contained. 

[To be oontinued.] 
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Abt. I*. — Livingstone^ 8 African Explorations.* Despatch from 
Dr, Livingstone to the Earl of Clarendon^ dated ' near Lake 
Bangweolo, South Central Africa, July 8th, 1868.' 

My Lord — When I had the honor of writing to you in Februaiy, 1867, 1 
had the impression that I was then on the watershed between the Zambesi and 
either the Congo or the N ile. More extended observation has since convinced 
me of the essential correctness of that impression ; and from what I have seen, 
together with what I have learned from intellififent natives, I think that I may 
safely assert that the chief sources of the Nile, arise between 10^ and W 
south latitude, or nearlv in the position assigned to them by Ptolemy, whose 
River Rhaptus is probably the Rovuma. Aware that others have been mistaken, 
and liiying no claim to infallibility, I do not yet speak very positively, partic- 
ularly of the parts west and northwest of Tanganyika, because these have 
not yet come under mv observation ; but if your Lordship will read the fol- 
lowing short sketch of my discoveries, you will perceive tliat the springs ci 
the Nile have hitherto been searched for very mtich too far to the north. 
They rise some 400 miles south of the most southerly portion of the Victoria 
Nyanza, and, indeed, south of all the lakes except Bangweolo. 

Leaving the valley of the Loangwa, which enters the Zambesi at Zumbo, 
we climbed up what seemed to be a great mountain mass, but it turned out to 
be only tlie southern edge of an elevated region, which is from 3000 to 6000 
feet above the level of the sea. This upland may roughly be said to cover a 
space south of Lake Tanganyika, of some 350 miles square. It is generally 
covered with dense or open forest, has an undulating, sometimes hilly, surfate; 
a rich soil ; is well watered by numerous rivulets, and, for Africa, is cold. It 
slopes toward the north and west, but I have found no part of it under 3000 
feet of altitude. The country of Usango, situated east of the space indicated, 
is also an upland, and affords pasturage to the immense herds of cattle of the 
Basango, a remarkably light colored race, very friendly to strangers. Usango 
forms the eastern side of a great but still elevated valley. The other or weit- 
ern side is formed by what are called the Kone Mountains, beyond the copper 
mines of Katanga. Still further west, and beyond the Kone range or plat^ 
our old acquaintance the Zambesi, under the name of Jambaji, is said to rise. 
The southern end of the great valley inclosed between Usango and the Kone 
range is between 1 1° and 12° south. It was rarely possible there to see a star, 
but accidentally awaking one morning between 2 and 3 o'clock, I found one 
which showed latitude 11° 56^ south, and we were then fairly on the uplind. 
Next day we passed two rivulets running north. As we advanced, brooki, 
evidently perennial, became numerous. Some went eastward to fall into the 
Loangwa ; others went northwest to join the River Chambeze. Misled by a 
map calling this river in an off-hand manner ' Zambezi, eastern branch/ I 
took it to be the southern river of that name ; but the Chambeze, with all iti 
branches, flows from the eastern side into the center of the ^at upland val- 
ley mentioned, which is probably the valley of the Nile. It is an interesting 
river, as helping to form three lakes, and changing its name three times in the 
500 or 600 miles of its course. It was first crossed by the Portuguese, who 
always inquired for ivory and slaves, and heard of nothing else. A penon 
who collected all, even the hearsay geography of the Portuguese, knew so 
little actually of the country that he put a large river here running 3000 feet 
up-hill, and called it New Zambesi. 

I crossed the Chambeze in IQP 34' south, and several of its confluents sooth 
and north, quite as large as the Isis at Oxford, but running faster, and having 
hippopotami in them. I mention these animals because in navigating the 

ambezi I could always steer the steamer boldly to where they lay, sure of 

* From the Minutes of the Royal G^graphioal Soa, for the Meeting of Nov. 8tfa 
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nding not less than 8 feet of water. The Chambeze runs into Lake Bang- 
eolo, and on coming out of it assumes the name Luapula. The Luapula 
ows down north past the town of Cazembe, and 12 miles below it enters 
ake Moero. On leaving Moero at its northern end by a rent in the moun- 
ins of Rua, it takes the name Lualaba, and passing on n.iv.w., forms Ulenge 
I the country west of Tanganyika. I have seen it only where it leaves 
[oero, and where it comes out of the crack in the mountains of Rua, but am 
lite satisfied that even before it receives the river Sofiinso from Marungu, 
!k] the Soburi from the Baloba country, it is quite sufficient to form Ulenge, 
hether that is a lake with many islands, as some assert, or a sort of Punjaub 
-a division into several branches, as is maintained by others. These branches 
re all fHthered up by the Lufira — a large river, which by many confluents 
rains uke western side of the ^reat valley. I have not seen the Lufira, but 
ointed out west of 1 1^ south, it is there asserted always to require canoes. 
Iiis is purely native information. Some intelligent men assert that when the 
Afire takes up the water of Ulenge, it flows n.iv.w., into Lake Chowambe, 
rhich I conjecture to be that discovered by Mr. Baker. Others think that it 
;oe8 into Lake Tanganvika at Uvira, and still passes northward into Chowambe 
)7 a river named Loanda. These are the parts regarding which I suspend 
ny jadgment. If I am in error there and live through it, I shall correct my- 
)elf. My opinion at present is if the large amount of water I have seen going 
Dorth does not flow pust Tanganyika on the west, it must have an exit from 
the Lake, and in all likelihood by the Loanda. 

Looking back again to the upland, it is well divided into districts, Lobisa, 
Lobemba, Ubengu, Itawa, Lopere, Kabuire, Marungu, Lunda or Londa, and 
Raa ; the people are known by the initial ' Ba' instead of tlie initial * Lo' or 
'D' for country. The Arabs soflen * Ba' into ' Wa, in accordance with their 
Saaheli dialect ; the natives never do. On the northern slope of the upland, 
and 00 the 2d of April, 1867, 1 discovered Lake Liemba ; it lies in a hollow, 
with precipitous sides 2000 feet down ; it is extremely beautiful, sides, top, 
and lx>ttom being covered with trees and other vegetation. Elephants, buflfa- 
ioea, and antelopes feed on the steep slopes, while hippopotami, crocodiles, 
tnd fish swarm in the waters. Guns being unknown, the elephants, unless 
•ometimes deceived into a pitfall, have it all their own way. It is as perfect 
t natural parailise as Xenophon could have desired. On two rocky islands 
own till the land, rear goats, and catch fish ; the villages ashore are embowered 
in the palm-oil palnis of the West Coast of Africa. Pour considerable streams 
ik)w into Liemba, and a number of brooks [ScoUick^ "trout hums^\ from 12 to 
15 feet broad, leap down the steep bright red clay schist rocks, and form splen- 
did cascades, that made the dullest of my attendants pause and remark with 
wonder. I measured one of the streams, the Lofu, 50 miles from its confluence, 
and found it at a ford 294 feet, say a 100 vards broad, thigh and waist deep 
and flowing fast over hardened sandstone flag in September — the last rain had 
fallen on the 12th of May. Elsewhere the L^fu requires canoes. The Louzua 
drives a large body of smooth water into Liemba, bearing on its surface duck- 
weed and grassy islands ; this body of water was 10 fathoms deep. Another 
of the four streams is said to be larger than the Lofu, but an over-officious 
headman prevented my seeing more of it and another than their mouths. The 
lake is not lar^, from 18 to 20 miles broad, and from 95 to 40 long ; it goes 
off i> N.w. in a river-like prolongation two miles wide, it is said, to Tanganyika : 
I would have set it down as an arm of that lake, but that its surface is 2800 
Teet above the level of the sea, while Speke makes that 1844 feet only. I 
tried to follow tlie river-like portion, but was prevented by a war which had 
hroken out between the Chief of Itawa and a party of ivory traders from Zanzi- 
^. I then set off* to go 150 miles south, then west, till past tlie disturbed dis- 
trict, and explore the west of Tanganyika; but on goin£ 80 miles 1 found the 
Arab party, showed them a letter from the Sultan of Zanzibar, which I owe 
to the kind offices of his Excellency Sir Bartle Frere, Governor of Bombay 
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and was at once supplied with provisions, cloth, and beads ; they showed the 
greatest kindness and anxiety fur my safety and success. The heads of the 
party readily perceived that a continuance of hostilities meant shutting up the 
ivory market, but the peace-making was a tedious process, requiring 3i months. 
I was glad to see the mode of ivory and slave-trading of these men, it formed 
such a perfect contrast to that of the ruffians from Kilwa, and to the ways of 
the atrocious Portuguese from Tette, who were connived at in their murden 
by the Governor D^\lmeida. 

After peace was made I visited Msama, the chief of Itawa ; and, having left 
the Arabs, went on to Lake Moero, which I reached on the 8th September. 
1867. In the northern part Moero is from 20 to 93 miles broad. Further south 
it is at least 60 miles wide, and it is 50 miles long. Ranges of tree-covered 
mountains flank it on both sides, but at tiie broad part the western mountains 
dwindled out of sight Passing up the eastern side of Moero we came to 
Cazembe, whose predecessors have been three times visited by Portuguese. 
His town stands on the northeast bank of the lakelet Mofwe ; this is from two 
to three miles broad and nearly four long. It has several low, reedy islets, and 
yields plenty of fish — a species of perch. It is not connected with either the 
Luapula or Moero. I was forty days at Cazembe's, and might then have gone 
on to Bangweolo, which is larger than either of the other lakes ; but the rains 
had set in, and this lake was reported to be very unhealthy. Not having a 
grain of any kind of medicine, and, as fever, without treatment, produced very 
disagreeable symptoms, I thought that it would be unwise to venture where 
swefled thyroid gland, known among us as Derbyshire-neck, and elephantiasis 
(scroti) prevail. I then went north for Ujiji, where I have goods, and, I hope, 
letters ; for I have heard nothing from the world for more than two years : bat 
when I got within 13 days of Tanganyika, I was brought to a stand>still by 
the superabundance of water in the country in front A native party came 
througn, and described the country as inundated so as often to be thi^h and 
waist-deep, with dry sleeping places difficult to find. This flood lasts till May 
or June. At last I became so tired of inactivity that I doubled back on my 
course to Cazembe. 

To give an idea of the inundation which, in a small way, enacts the part of 
the Nile lower down, I had to cross two rivulets which flow into the north end 
of Lake Moero ; one was 30, the other 40 yards broad, crossed by bridges ; one 
had a quarter, the other half a mile of flood on each side. Moreover, one, the 
Luao, had covered a plain abreast of Moero, so that the water on a great part 
reached from the knees to the upper part of the chest The plain was of black 
mud, with grass higher than our neads. We had to follow the path which, in 
places, the feet of passengers had worn into deep ruts. Into tnese we every 
now and then plunged and fell, over the ancles in soft mud, while hundreds of 
bubbles rushed up, and, bursting, emitted a frightful odor. We had four 
hours of this wading and plunging — the last mile was the worst ; and right 
glad we were to get out of it to Uie sandy beach of Moero and bathe in the 
clear tepid waters. In going up the bank of the lake we first of all forded 
four torrents, thigh deep ; then a river 80 yards wide, with 300 yards of flood 
on its west bank, so deep we had to keep to the canoes till within 50 yards of 
the higher ground ; then four brooks, firom 5 to 15 yards broad. One of them, 
the Chungu, possesses a somewhat melancoholy interest, as that on which poor 
Dr. Lacerda died. He was the only Portuguese visitor who had any scientific 
education, and his latitude of Cazembe's town on the Chungu being 50 miles 
wrong, probably reveals that his mind mtss clouded with fever when he last 
observed, and any one who knows what that implies will look on his error with 
compassion. The Chungu went high on the chest, and one had to walk on 
tiptoe to avoid swimming. As I crossed all these brooks at both high and low 
water, I observed the diffisrence to be from 15 to 18 inches, and from all the 
perennial streams the flood is a clear water. ••••••••• 
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Aat. II. — On the relation between the Intensity of Light pro^ 
duced from the combtistion of Illuminating Oas and the 
volume of Oas consumed; by B. Silliman.* 

(Bead at the Salem meeting of the Am. Assoc, for Adv. of Science, Aag. 1869.) 

In photometric observations made to determine the illuminat- 
ing power or intensity of street gas^ it is the practice of obser- 
Ters to compute their observations upon the assumed standard 
of five cubic feet of gas^ consumed for one hour, and in the 
constantly occurring case, of a variation from this standard, 
whether in the volume of the gas consumed or in the weight 
of spermaceti burned, the observed data are computed by the 
"rale of three," up or down, to the stated terms. The stand- 
ard spermaceti candle is assumed to consume 120 grains of 
sperm in one hour, a rate which is rarely found exactly in 
actual experience. 

For example, a given gas, too rich to burn in a standard 
argand burner at tne rate of five cubic feet per hour without 
smoking, is consumed at the rate of 3i cubic feet to the hour, 
with an observed e£fect of 20 candles power. This result, pre- 
viously corrected by the same rule for the sperm consumea, is 
then brought to the standard of five cubic feet by the ratio 
3-5:20=5:28-57 

The candle power of the gas is therefore stated as 28*57 
candles, and this result has been universally accepted as a true 
expression of the intensity of the gas in question, or the rela- 
tive value of the two consumptions. 

In common with other observers, I have long suspected that 
this mode of computation was seriously in error, as an expression 
of the true intensity of illuminating flames, and that there 
were other conditions besides the volume of gas or weight of 
sperm consumed which must influence, and greatly modify the 
results. As most of these conditions are considered somewhat 
at length in a paper on ^^ Flame Temperatures," prepared 
chiefly from researches conducted by Prot. Wurtz and myself, 
and presented at the Salem Meeting of the Association, they 
need not be discussed in this connection. 

The results of many trials, made with the purpose of deter- 
mining the value of these photometric ratios, indicate clearly 
that the true ratio of increase in intensity in illuminating 
ftames is, within certain limits, expressed by the following 
theorem, viz : — 



* The main points of thii paper were made the subject of a verbal communica- 
doD to the Conn. Academy of Arts and Sciences at their session, June 17th, 1869. 
Ail Joub. 8cl— Secoicd Sbribs, Vol. XLIX, No. 145.— Jan., 1870. 
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The intensity of gasflamtB^ i. e., illuminating power y increo 
(within the ordinary limits of consumption) as the squan 
the volume of the gas consumed. 

, As the first experimental demonstration of this theoi 
was made by Mr. William Farmer, the photometric obser 
at the Manhattan Gas Go's, works in New York, I prop 
to speak of it as ^^ Farmer's theorem." I am also indeb 
to Mr. Farmer and to Mr. Sabbaton, the well known { 
courteous Engineer of the Manhattan Gas Light Company, 
the free use of their experimental data and the permission 
employ them in illustration of Farmer's theorem. 

The fundamental importance of this new mode of comj 
tation will at once appear, if, assuming it for the sake 
illustration to be true, we apply it to the case already gi^ 
above, which then becomes — 

3-5^ : 20=5» : 40, 

showing an increase of forty per cent over the old rule 
correction. Let us see how far this theorem is sustained 
the test of experiment. 

Experiment 1st. — Two similar gas flames, one at each < 
of the photometer bar, were made to give exactly the sa 
intensity of illumination. This was accomplished of con 
by placing the Bunsen disc midway between the two burn( 
and regulating the combustion until the disc was perfec 
neutral ; the consumption being noted equal by two wet 
meters under the same pressure. The screen was then mo 
upon the bar to a point just four times as far from one fla 
as it was from the other, i. e., the bar being 100 inches, 
screen stood at 80, i. e., as 1 : 4. The light from the dist 
burner was then increased until the disc again showed 
equality of illumination. On reading the rate of the gas c 
sumed by the two burners respectively, one gave 3*66 en 
feet and the other 7*32 cubic feet, or exactly double, or in ot 
words, the lights were as the squyes of the volumes of 
consumed, thus : 3-66 « : 7-32> =1 : 4. 

By the old rule the intensity would have been estima 
directly as the volume of the gas consumed, thus : 

3-66 : 7-32 = 1:2. 

Experiment 2d. — The following results were obtained 'v 
the use of a standard argand burner. The readings of the 
dex meter, the gas consumed in cubic feet, and the rati< 
the lights produced, are given in three columns, viz : — 



dex, 


•0660 


= 3-30 feet. 


= I light. 


14 


•0726 


=: 4-35 *» 


= 21 ** 


4t 


•0866 


= 6-13 *' 


=: 32 ** 


• 


•0926 


= 6-66 " 


= 4^ " 
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In this series the lights increase in considerably higher ratio 
than is required by Farmer's theorem, which demands 6'60 
cnbic feet, corresponding to a four-fold consumption, while 
tiie actual consumption was 1*05 cubic feet less than the quan- 
tity required by the theorem. 

Experiment Zd. — The following series was obtained by 
another argand burner. 

Index, 062 = 3-72 cub. feet = 1 light. 

•• -.0814 = 4-88 '' = 2 ♦* 

" -1000 = 6 00 " = 3 *» 

*• .1203 = 7-219 " = 4 •» 

In this series the ratio is more nearly in accordance with 
the demands of the theorem, the intensity being still a little 
in excess of the squares of consumption (3*72 x 2 = 7*44 in 
place of 7-219). 

The gas employed in these comparisons had a candle power 
of about 14 candles. 

Experiment 4^A. — Results obtained by a comparison of fish- 
tail burners, ratio as 4 and 9 feet respectively. 

A. Index, -0760 = 4 500 cub. feet. = 1 light. 

B. " 1686 = 9-519 " = 4 ** 

In this comparison the ratio falls but little short of the de- 
mands of the theorem. 
Experiment 5th. — Comparison of fish-tail burners. 

A. Index, -086 = 5-16 feet = 1-86 

B. *• -1677 = 1006 " == 4- 

In this trial the departure from the requirements of the 
theorem is considerably greater than in any of the preceding 
experiments. But it appears that from some cause the ratio 
of the squares does not hold with gas of the power used in 
these trials (14 candles), where the consumption rises above 9 
or falls much below 3 cubic feet. This is undoubtedly con- 
nected with the weU recognized fact, that there is for each gas 
a kind of burner and a volume of gas better calculated than 
any other to develop its maximum intensity. 

Experiment Gth, — This series was designed by Mr. Farmer to 
test by a direct comparison the value of the new as contrasted 
with the old method of correction. Both trials were made 
upon the same gas, the second observation following immediately 
alter the first and with the same candle, and therefore should 
give about the same candle power. 

1st TriaL — Consumption of sperm, 32 "7 grains. 

•* of gas, 6*004 cubic feet. 

Mean candle power (15 observations), 1 3*93 candles. 
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2d THcU. — Consumption of sperm, 32*2 grains. 

** " gas, 4*68 cubic feet. 

Mean candle power of 15 observations, 11*8 candles. 

17^ above data calculated by Mirmer^e Theorem. 

5*004 cubic feet, and 32*7 grains give 15*15 candles. 
4*68 ** *' 82*2 ** ** 15*09 ** 



Difference, -06 ** 

Calculated by the old rule. ' 

5*004 cubic feet and 32*7 grains give 15*16 candles 
4*58 ** " 32*2 " " 13*82 



Difference 1*84 ** 

It is obvious from the study of these results, that within the 
limits named the increase of intensity in gas flames, whether 
naked or argand, is at a ratio certainly as great as the squares 
of the volumes of gas consumed ; and hence it follows that 
all the photometric determinations, which have been obtained 
by computation from volumes greater or less than the assumed 
standard of five cubic feet per hour, in the simple ratio of the 
volumes consumed must be considered as absolutely wortUess^ 
provided the theorem of Farmer here announced is confinnei 

It is evident also that this theorem applies with equal force 
to the weight of sperm consumed by the standard candle as to 
the volumes of the gas burned in equal times. 

With a view to test the theorem of Farmer. I at once sought 
to apply it to the case of certain observations I had made 
upon very rich gas obtained from cannel and other rich coals. 
The photometric power of these gases had been measured in 
the usual way heretofore practiced by gas engineers, by burn- 
ing a less quantity than five cubic feet in the standard argand 
and then computing up to a standard of five cubic feet by 
direct ratio. The residts of this comparison appear to go fieur 
to confirm Farmer's theorem. 

Peytona Che. — This gas was made from a coal of West Vir- 
ginia, known as Peytona Cannel Coal. It was much too rich 
to permit the flow of five cubic feet from the 15 hole argand 
burner, with a perfect combustion. The gas was therefore 
reduced by mixture with a measured volume of street gas of 
known value, and the illuminating power of the mixture hav- 
ing been careftilly determined, the value of the Peytona sas 
alone was readily calculated and fixed at 42*79 candles. The 
following trials exhibit the result obtained by burning amiLll^r 
volumes of Peytona gas, and the values obtained by the two 
methods of calooiation. 
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Va 1 Aiguid bttmer oonsuming 5 oubio feet per houTi mixed ga8=42*t9 candles 
i M li 3.24 " »« » 18-96 *« 

3 " " 3-48 " " «* 20-94 " 

Here No. 1 representB very nearly the true illuminating power 
of the gas, and may be assumed as a fair criterion of the law 

nnder consideration. 

JBy Farmer^s Theorem, 

No. 2 becomes 8.24* : 18-95 = 6* : 461 2 candles. 
8 ** 8-48» : 20-94 =z 5^ : 48-22 '* 

By direct ratio {old rule). 

No. 2 becomes 3-24 : 18-95 = 6 : 29*24 candles. 
8 ** 3-48 : 20-94 = 6 : 30-09 •* 

By this it appears that by the old rule, assuming the true 
candle power of the gas to be 42*79 candles, the two observa- 
tions Nos. 2 and 3 are in error by about 30 per cent, while by 
Farmer's theorem the error is reduced to 3 per cent, the 
former being too small and the latter too large. 

Albert Gas. — The well known Albertite oi New Brunswick 
famishes a gas of remarkable richness. Its true candle power 
can be measured only by diluting largely with street gas of 
known value, and calculating it from the determined intensity 
of the mixture. In this way the gas from Albertite is shown to 
have an intensity equal to 70*38 candles. The following results 
were obtained by consuming di£ferent volumes in the burners 
named. 

No. 1 argand barner consuming 5 cubic feet = 70*38 candles. 

2 " , »* " 2-26 " = 10*89 ** 

3 * Scotch tip' " '* 3- ** = 26*26 " 

£f/ Farmer* s Theorem, 

No. 2 becomes 2*6« : 16*39 = 6* : 66-56 candles. 
S " 3« : 26-25 = 6^ : 7014 " 

By simple ratio. 

No. 2 becomes 2-6 : 16*39z=6 : 32-78 candles. 

** 8 " 8 : 26*25=5: 42-08 " 

The differences from the assumed standard of 70*38 candles 
are as follows : 

By the old rule, No. 2 falls short 37*6 candles or 116 pr. ot, 

" Farmer's theorem, ** ** 4-72 " 7*1 " 

** the old rule, No. 3 " 28*30 " 67*26 " 

** Farmer's theorem, " " 0*24 " 0-84 " 

It will be observed that No. 2 in this series represents a 
consumption considerably below the minimum which in most 
cases experiment has shown to be the limit of the proposed 
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theorem, namely^ 3 cubic feet, while No. 3, which representB 
exactly this limit, brings the result within the range of experi- 
mental error — it being impossible to make two series of 15 
photometric observations wnich will accord more closely than 
these. 

Wollongong Gas. — This gas was obtained from wollon" 
gonitCy a new carbohydrogen described by me in a late number 
of this Journal (July, 1869), as coming from Australia. Its 
illuminating power was determined by mixing 10 per cent of 
the gas with 90 per cent of street gas. But this mixture was still 
too rich to burn 5 cubic feet in the Argand standard without 
smoking, and even when burned at this rate in a fish-tail 
burner the flame was somewhat smoky and inclined to '^ tail 
oflF." I have therefore little doubt that its true candle power 
is more nearly 142 candles than to 132 as stated in the article 
referred to. We quote, however, the observations made as 
follows : 

1 fish-tail burner consuming 5 cubic feet gave 132*94 candle power. 

2 ** " 1-6 " " 12-89 " 

Computing the second observation we have : 

By Farmer's theorem for No. 2 143*22 candle power 
" direct ratio ** " 42*96 " " 

This is an extreme case in which the volume of gas con- 
sumed in the second observation is far too low, but it is clear 
that by the old rule the result coming from the consumption 
of so small a volume of gas is perfectly worthless, while by 
Farmer's theorem the difference of 10*28 candles is within 7*7 
per cent, while if the true intensity of this remarkable gas is 
placed, as there is good reason to believe it should be, at 142 
candles, the agreement in the two observations is absolute. 

Every photometric observer can confirm the results here given 
by reference to his own records of former observations, or by 
direct experiment designed to test the accuracy of the theorem 
here announced. 

In Sugg's "Gas Manipulation" (London, 1867), page 64, is 
a tabular statement of the results of an experiment designed 
to illustrate the unfitness of the " Birmingham " burner, (a 
special form of argand) to develop the highest intensity of 
which a gas of 14 candle power is capable when it is used upon 
any other standard than that of a consumption of five cubic feet 
per hour. By this statement the burner in question produced 
from five cubic feet of gas exactly 15 candle power. But when 
reduced to 4*5 cubic feet consumption the candle power when 
" corrected to the standard quality of gas by proportion," was 
only 11*93 candles. The values of the ^ correction ' referred to 
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be conjectured, but assuming that tbe observation 
uncorrected rendering 11 •32 candles (a very probable 
we find that the law of the squares of consumption 
:e8 the ratio as follows : — 

4-52:ll-32z=52:14, 

which in view of the facts before given cannot be 
as accidental. The theorem applied to this case as it 
jported (including the correction) gives for the value 
urth term of the ratio 14-7 candles, 
endeavored to apply this theorem to some of the re- 
>rded in the well known researches of Messrs. Audouin 
ard, but I find these results stated in a manner 
iders it diflBcult to fix clearly the terms of compari- 
irenture, however, to append a lew comparisons drawn 
of the tabular records of experiments with butterfly 
wing burners of the "fifth series" which so far as 
end confiimation to the views here presented. 

Burner of tlie fifth series — slU ^^ inch wide. 



ion of the 
under 

a. 


Consumption of tbe 
Benfrcl Arf^and 

standard 
burner withoat 

cone ; 8 in. chimney. 


Comparative 

intensities. 

The Bemrlo 

burner— 100. 


IntensltleB by 
law of the 
squares of 

consumption. 


Ptmsutm. 


feet. 


Cubic feet. 








)79 

)15 
131 


3-6024 
3-5318 
3-6024 


60 
40 
30 


103 
90-9 
96- 


•23622 
-19685 
•11811 


Burners of same series — slit ^^ inch wide. 

1 III 


>55 

i86 
187 
J09 

L86 


3-0730 
3-0730 
3-6730 
3-0730 
3-6730 


80 
60 
60 
40 
20 


92^6 
80-7 
96-7 
97-5 
115-6 


•078474 

•07480 

•07480 

•03937 

-01968 



parison of their results by this theorem, which gives rea- 
3xact results for consumptions which are not greater 
t of the standard Bengle burner employed by them, 
n the consumptions become greater than that of the 

• 

I parison of the foregoing results will show that theco- 
;s with the requirements of the theorem of Farmer are, 
le limits assigned, too numerous, and too closely accord- 
e considered as otherwise than pointing clearly to its 
ruth. A rigorous demonstration cannot be expected, 
are too many variable functions of unknown valtfe in- 
i the best methods at present known for photometric 
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measurements to permit m3re than an approximate proof of 
its general accuracy. Every photometric ooserver must recog* 
niase its importance and the necessity in his observations of 
bringing the consumptions of gas and sperm to the agreed stan- 
dard. 

To the consumer of gas the evident inference from the data 
here presented is that, where it is important to obtain a maxi- 
mum of economical effect from the consumption of a given vol- 
ume of illuminating gas, this result is best obtained by the 
use of burners of ample flow. 

Where a moderate light of equal diffusion is required over 
a large space, as in public rooms, it may be expedient to use 
numerous small jets ; but when the maximum intensity ob- 
tainable from a given volume of illuminating eas is desired, 
intensity burners of large consumption are plainly indicated. 

In the discussion foUowincr this paper, Mr. F. Stimpson. 
State Inspector of gas for Massachusetts, brought forward 
some results ot observations he had made upon Farmer's the- 
orem rhaving been in correspondence with Prof Silliman on 
the suDJect), and considered them in comparison with those 
herewith given. His conclusion was that while in many case& 
the theorem was closely applicable, in others it was not so* 
Mr. Stimpson's discussion of the matter will very likely appease 
in an early number of this Journal. 



Art. til — Principles of Molecular and Oosmical Physics ; by 

Prof. W. A. Norton. 

In a memoir on Molecular Physics, published in 1864-66, in 
this Journal, and republished in the London Philosophical Maga- 
zine, I showed that, by the introduction of a new hypothesis not 
in itself improbable, the principle of gi'avitation might be ex- 
plained. I now find that no additional hypothesis is necessary 
out that this principle is essentially involved in one of the fun- 
damental principles of the general theory ; viz., that of the inter- 
ception of force by matter. This fundamental principle was brought 
out in treating of the subject of the electnc condition of mole- 
cules, and formed an essential element in the special theory of 
electricity developed in the memoir. This interception was re- 
garded as no arbitrary assumption, but as a necessary consequence 
of the fact that a certain portion of the propagated lorce is instan- 
taneously expended in imparting motion to the molecule, or atom, 
whic| it encounters, and is therefore abstracted from this force. 
In every instance of a propagated force this conclusion is inev- 
itabla Now I find that it we admit that the primary forces of 
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nature are propagated forces, that is, do not act instantaneously at 
all distances, the principle of universal gravitation, as well as the 
doctrine of the molecular forces and agencies set forth in my 
pap^, may be directly deduced from a single force of repulsion 
exerted by every primary atom upon every other atom. 

Admitted Principles. — It is now universally conceded : (1st,) 
that matter exists in at least two different fundamental forms, 
or conditions, viz : that of universal or luminiferous ether which 
pervades all space, and that of ordinary matter directly recog- 
nizable bv our senses. 

(2d.) That all masses of matter of sensible extent are made up 
of distinct atoms. 

(Sd.) That every atom is essentially inert or incapable of itself 
of altering its own state, whether of rest or motion ; and that in 
every act of motion, or change of motion of an atom, an amount 
of force is expended proportionate to the mass of the atom and 
the velocity, or cl\ange of velocity, produced in the direction in 
which the force acts. 

It is also the general conception with physicists, that every 
atom has a definite form, and a definite size dependent upon the 
quantity of matter which it contains, and it will serve to fix 
our ideas to adopt this conception ; at the same time it should 
be understood that in order to arrive at our conclusions the only 
essential supposition to be made, with regard to the state of an 
atom, is that it occupies a certain space, proportionate to its 
quantity of matter, in such a manner as to receive and intercept 
a certain portion of the force propagated along every line, or a 
number of lines proportional to its mass, traversing this space. 

Cosmical Force of Reptdsion, — The fundamental notion of the 
propagation of force involves with it the conception that the 
force acts, or is transmitted in a series of recurring impulses. 
We may also assume that, like all known propagated actions, 
the force varies according to the law of inverse squares. 
In fact, if the impulses are transmitted along definite lines, and 
the atom occupies, as a cause of interception, a definite space, it 
is obvious that this law must of necessity hold good ; or, if 
they are propagated by the intervention of wave pulses in a 
more subtile etner, whether the atom be regarded as a mere 
point or of definite size, so be that it has a definite degree of 
mertia, the same law should obtain. Now, let us leave out of 
view, for the present, all the bodies of ordinary matter in exist- 
ence, and confine our attention to the luminiferous ether uni- 
formly disseminated through space. Every atom of this ether 
exercises a repulsive action upon every other atom of the same 
at all distances ; and this action consists in a series of impulses 
perpetually renewed, at an immensely more rapid rate, we must 
suppose, than those of light or radiant heat Each effec- 
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tire impube is but an exoeasiyelj mmnte fiactkm of each 
individual impulse propagated in the force; and this is expend- 
ed in giving motion, or virtual modem to the atom. That is, 
as in ail known instances of propagated action, each impulse 
yroAwAsa its effect, in the snape of velocity instantaneously 
nniXirU:d^ and is expended in so doing, just as if no other 
impulse or series or impulses were in operation. Since the 
cither is uniformly disseminated, each atom must be subjected, 
in an appreciable interval of time, to the same amount of 
force transmitted from every direction, and therefore can- 
not exjx^rience an^ sensible displacement But, although 
no seuHible progressive motion of the ethereal atoms can resmt, 
under the circumstances supposed, still it is to be observed that 
the united effective impuls^ that come into operation upon the 
atom in any minute interval of time, from any one direction^ 
must be enormously great in comparison with the force of repul- 
sion subsisting between two contiguous atoms of the ether: 
and this latter force must be vastly greater than the elastic force 
of the ether called into play in the propagation of a wave of 
light or heat ; since this elastic force results from a slight in- 
e(juality in the repulsive actions of the contiguous atoms on 
different sides, attendant upon a slight relative displacement of 
the atoms. It is, as I conceive, by the coming into operation 
under certain circumstances, of a portion of this vast cosmical, 
ethenml force, received from definite directions, that the known 
effective forces of nature are brought into play. 

Immediate consequences of t/ie Interception of me Cosmical Force, 
— Universal Oravitation. — Let us next conceive that a single 
atom of ordinary matter is posited at a certain point in 
the universal sea of ether, and consider what forces would 
be brought into operation by its interceptive action. In 
the first place it is obvious that the entire force trans- 
mitted from all the ethereal atoms lying on any line intersect- 
ing tlie atom supposed, will be partially intercepted in pass- 
ing the atom, and that the residual force propagatea on 
will bo of loss intensity than the force coming toward it in a 
directly opposite direction. If then any point in space be 
taken, at any distance from this atom, and nght lines be con- 
ceived phasing through this point and the various points of the 
atom, and extending indefinitely in both directions, they will 
form u cone circumscribing the atom and having the point sup- 
posed for a vortex ; and the force transmitted to the point along 
every lino within the surface of this cone that encounters the 
supposed atom of ordinary matter, will be less than that 
nx^oivod in the directly opposite direction. Accordingly there 
will bo a greater amount of repulsive force transmitted, through 
the vortex of the cone, from the ethereal atoms lying within 
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the outer nappe or indefinite portion of the cone, than from those 
lying within the other nappe which circumscribes the atom of 
ordinary matter. The excess will operate as an efibctive 
force to urge any atom that may be posited at the vertex 
toward the ordinary atom. It is oovious that except at minute 
distances, this effective force would vary inversely as the 
square of the distance. 

All this being understood, let us consider what will be the 
result with regwd to the ether in the immediate vicinity of the 
supposed atom of ordinary matter. It is plain that each 
ethereal atom so situated will be urged toward the atom consid- 
ered, until the effective force directed inward is neutralized by 
the outward repulsion of the ordinary atom and the increased 
repulsion of tne ethereal atoms lying nearer to this. The 
ultimate result then would be the condensation of an ethereal 
atmosphere around the atom of ordinary matter, just as if this 
exerted a direct attractive action upon the adjacent ether. 
Now what will be the effect of the supposed atom (a), and 
its condensed atmosphere of ether, upon any other atom 
(6) ? In the first place the entire interception of the cosmical 
repulsion produced by a and its atmosphere would give rise to 
a gravitatmg tendency of b toward cu But a and its atmosphere 
exert a direct repulsive afction upon b. This direct force of 
repulsion is the sum of all the repulsive impulses exerted by a 
and the atoms of its atmosphere. But for the interception of 
individual pulses, produced by a and the atmospheric atoms 
encounterea on lines of propagation, it would be tne same as if 
all the repellant matter considered were concentrated at the 
center of a. As a matter of fact, in conseq^uence of this inter- 
ception, the center of repulsion will be displaced toward the 
exterior atom b acted on. Beyond a certain minute distance 
the direct repulsion thus exerted upon 6, will vaiT inversely as 
the SQuare of the distance from a ; and it will at the same 
time be less, at all distances, than the gravitating tendency 
originating in the manner above explained. 

The excess of this tendency toward the atom (a) of ordinary 
matter above the repulsion exerted by the atom and its atmosphere^ 
constitutes the effective force of gravitation due to the atom. It will 
vary, at all measurable distances, according to the law of 
inverse s(^uares. 

Before inauiring into the dependence of this force upon the 
quantities of matter in the active atom and in that acted upon, 
we will remark that nothing precludes us from supposing that 
the atom of ordinary matter^ so called^ is actvxilly a mass of con- 
densed ether. It wUl readily be seen that if a certain portion of 
the equally diffused ether lying around any point were to be 
condensed upon this point, the increased interception of the 
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cosmical force within the space that it would occupy, would de- 
velop, as above explained, an inward acting force that might be 
in equilibrio with the augmented mutual repulsion of the atoms 
of the condensed ether. If this conception be adopted, the in- 
terception of the cosmical force, eflFecteii by an atom of ordinary 
matter, will take place at each of the ethereal atoms of which it 
is composed, and the entire effect will be proportional to the 
number of such atoms, or the entire mass of the compound 
atom. If then a second such atom of ordinary matter (B) be 
considered, at a distance fix)m the first (A), the eflFective gravita- 
ting tendency of each of its constituent ethereal atoms toward 
A will be proportional to the mass of A. The entire gravitat- 
ing tendency of B toward A, will then be proportional to the 
mass of A multiplied into the mass of B. Also, since the tend- 
ency of each ethereal atom of B toward any ethereal atom of 
A is inversely proportional to the square of the distance, the 
same law will hold for the entire gravitating tendency of B 
toward A. It is to be borne in mina that the eflFective force of 
gravitation here considered, is the excess of the gravitating 
tendency due to the partial interception of the general cosmi- 
cal force by the atom A and its ethereo-electric atmosphere, over 
the repulsion directly exerted bv the same. 

The Newtonian principle of gravitation being thus made 
out for individual atoms of ordinary matter, it is also made out 
for cosmical masses. The Newtonian laws of the mutual 
gravitation of masses, in all their precision, are inevitable con- 
sequences of the principle of gravitation as now deduced fh)m 
the one cosmical force of repulsion ; if we admit that the portion 
of every impulse of this force that is intercepted by each atom is 
an excessively minute fraction of the whole intensity of the 
propagated impulse. 

Mohciilar Forces. — The Molecular Forces, so called, consist of 
a force called the attraction of cohesion, and one or more forces 
of mutual repulsion. The force of heat is recognized as one 
force of repulsion, and has generally been regarded as the 
only repulsion in operation. But this notion must certainly be 
discarded by all physicists who maintain that the heat-repulsion 
is due to viorations of the atoms of bodies ; since such vibra- 
tions can only be maintained by the operation of existing 
antagonistic lorces of attraction (or virtual attraction) ana 
repulsion. And even if we admit, as I cannot do, the mechani- 
cal possibility of molecular motions of revolution, or n»tatioii, 
so constituted as to originate in some way a force of heat-repul- 
sion exerted in all directions outward from each atom, ana to 
be always augmented in rapidity by waves of radiant heat from 
whatever direction receivea, it is wholly inconceivable that in 
the collision of bodies such motions of revolution or rotation of 



Wi A. Norton on Molecular and Chsmical Physics. 29 

the impingii^ atoms, or molecules, should give rise to a mutual 
repulsion, wEatever might be the relative direction of the 
motions. In feu^t, in whatever mode of molecular motion heat 
may be supposed to consist, if heat be the only force of repul- 
sion, a certain amount of the living force of heat belonging 
to each of two impinging bodies would be expended in dimin- 
ishing the velocity of the one body and augmenting that of the 
other, and it would be impossible that tney should become 
heated by the impact It is here assumed that the impact of 
two bodies must develop a force of mutual repulsion between 
the impin^ng molecules, which determines the equality of the 
action and reaction. This obvious fact seems now-a-days to be 
in a good decree ignored, «and the exchange of momenta to be 
supposed to be brought about by some unimaginable process, 
in which the idea of force is wholly lost sight of. 

We must then conclude that there is a primary force of 
molecular repulsion, in addition to that of heat We might 
perhaps ascribe this force to the repulsion of the ethereal molec- 
ular atmospheres when brought into contact ; but to what can 
we ascribe the heat-repulsign ? It has come to be generally 
bebeved that it must consist in some mode of motion of the 
atoms, or molecules of bodies, as a whole ; either of vibration, 
revolution, or rotation. But it might be almost demonstrated, 
did space permit, that this cannot be the true nature or origin 
of heat I will only allude here to one or two arguments in 
support of this statement, which may be briefly given. It is 
wdl known that whenever any body is by collision with another 
body, or in any other way, permanently compressed, heat is given 
out Now the fact that a force of pressure, or percussion, pro- 
duces a permanent compression, increasing with its intensity, 
leads to tne almost inevitable inference that in the act of com- 
pression the atoms, or molecules, experience some change of 
physical condition, by reason of which the molecular attraction 
18 augmented, and the condensation maintained, and that this 
change must be proportionate to the degree of condensation, and 
so to the amount or heat evolved. Can such a change propor- 
tionate to the heat evolved, be connected by any admissible 
supposition with the augmented velocities of vibration, revolu- 
tion, or rotation of ordinary atoms, in which the increase of heat 
is conceived to consist ? In fact the entire phenomena of inelastic, 
as well of elastic reaction, point to the conclusion that they are 
attended with changes in tne physical condition of the atoms, 
ordinarily so called, and that the evolution or absorption of heat 
that takes place is the direct result of these changes. 

Again it is not conceivable that the phenomena of electricity 
can De ascribed to any imagined motion of ordinary atoms, or 
molecules, whether uiese are surrounded with ethereal atmos- 
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pheres or not We are accordingly constrained to look in some 
other direction for the origin of the molecular forces and agencies ; 
and it appears to me that it is to be found in the general concep- 
tion of an electric ether less subtile than the luminiferous, and 
gravitating like this toward the atoms of ordinary matter, 
so as to form envelopes to these atoms, permeated and under- 
laid by the condensed luminiferous ether. Each atom 
would thus be surrounded by an ethereo-electric atmosphere. 
The atoms of electric ether may be conceived to be masses of 
condensed luminiferous ether, but far more minute than those of 
ordinary matter. Adopting this conception of the existence of 
an electric ether, we are led, by legitimate inferences fix)m the 
fundamental principles I have laid down in this paper, not only 
to the physical constitution of a primitive molecule, but also to 
the theory of molecular forces set forth in my memoir on Mole- 
cular Physica The force of molecular attraction was conceived 
to consist in a contractile action exerted by the central atom upon 
its electric envelope, and originating waves propagated outward 
through the electric ether to contiguous atoms. This contractile 
action is now seen to consist in the gravitating tendency of the 
electric envelope toward the central atom ; resulting from the 
partial interception of the cosmical force by this atom. This 
action also originates waves in the luminifereous ether posited 
between the central atom and its electric envelope, that are propa- 
gated outward by this ether, and constitute the primary force 
of heat-repulsion. All the diverse methods of developing heat 
are but different methods of compressing or forcing inward the 
atomic or molecular envelopes, and so originating ethereal heat- 
waves. These waves at the outset pulsate in the line of 
propagation ; but, by passing around the ethereal atmos- 
pheres of molecules, Tbecome converted into waves at- 
tended with transverse vibrations. The other force of molec- 
ular repulsion originates in the direct repulsion subsisting 
between the diverse atoms of the electric envelope. This force 
originates waves that proceed outward through the electric ether 
from different depths in the envelope. These waves must increase 
in their intensity at the outset from the lowest depth upward, 
to a certain height in the envelope, by reason of the increase in 
the quantity of ether that is effectively repellant On the other 
hand the attractive waves, that issue from various points of the 
envelope, must decrease outward in their intensity at their 
origin. It thus happens that the resultant waves, which may be 
taken to represent the entire actions of these two systems of 
waves, must be conceived to proceed from different depths; 
which depths may therefore be taken as the upper and lower 
1 mits of the effective envelope. This is ejjuivalent to one of 
the principles adopted in tne mathematical theory of the 



W. A. Norton on Molecular and Oosmicai Physics, 81 

molecular forces developed in my former memoir; viz. that 
the attractive waves proceed from the lower limit of the 
electric atmosphere, or envelope, and the waves of electric 
repulsion fix)m the upper limit In the memoir referred 
to it was shown that the entire action of one atom, or 
rather primitive molecule, on another, amounts to a repulsion 
at the more minute distances, and an attraction at greater 
distances up to a certain limit, beyond which it becomes a 
repulsion to an indefinitely great aistance. The first men- 
tioned, or inner repulsion, and the attraction, are the forces 
which determine and maintain the solid and liquid condition 
of matter, and the outer repulsion constitutes the expansive 
force of vapors and gases. The extraneous heat that a body 
may receive is a distinct force of repulsion, modifying the 
natural curve of molecular action. 

Origin of Chemical Attraction^ and of Electric and Magnetic 

Forces. — The electric envelopes of atoms, besides being the source 

of the molecular forces, including the primary heat-repulsion, 

invests the molecules of each substance with the property of 

chemical attraction for the molecules of other substances to 

which they bear a certain physical relation. This consists in 

the disturoance of the equal distribution of the ether in the 

envelopes of two contiguous heterogeneous molecules, under 

their natural molecular action, by reason of which the molecules 

become oppositely polarized on their adjacent surfaces — the one 

having an excess of the electric fluid and the other a deficiency. 

The attraction thus originating may prevail over the natural 

molecular repulsion that comes into play when the two liquids 

come into contact, and bring the molecules within the range of 

their natural attraction. 

The state of molecular electric polarization, superinduced 
under certain varied circimistances, originates the galvanic cur- 
rent, and determines the phenomena of electro-static, electro- 
» dynamic, and magneto-electric induction. The attraction and 
repulsion of electric, and of magnetic currents, may be ascribed 
to the origination and maintenance of currents in the adjacent 
body of luminiferous ether, running in the same direction as 
the electric or magnetic currents. These currents determine 
uiec[uaUties of elastic force in this moving mass of ether, from 
which result transverse currents. These transverse currents take 
effect upon the line of the electric or magnetic current because 
they are partially intercepted by it The induction of one elec- 
tric or magnetic current by another, is effected by the interven- 
tion of currents directly induced in the adjacent body of 
luminiferous ether. 

The key to the explanation of the excitation of electricity 
by friction lies in the £act made out in my former paper, that 
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the electric ether is condensed between the component molecules 
of each compound molecule of a substance ; and that every 
expansion of the compound molecule sets free a certain portion 
of this condensed ether, and every condensation withdraws a 
certain portion from adjacent molecules that are undisturbed. 
If two aissimilar surfaces are rubbed, the one over iJie other, 
the consequent disturbance of the compoimd molecules of the 
two surfaces, will be either unlike or unequal in amount ; and 
a certain quantity of electricity will in conseauence pass fix)m 
the<one surface to the other. As soon as the mction ceases the 
disturbed molecules will recover their original form and size, 
and the positive state of the one surface and the negative state 
of the other will manifest themselves. For example, if the 
molecules of the one surfece are compressed by the rubbing, 
and those of the other expanded, electricity will flow from the 
latter to the former while the condensation and expansion are 
going on, but as soon as two rubbing molecules are freed from 
each other's influence they recover their former dimensions, and 
the excess of the electric fluid in one of the molecules and 
deficiency in the other become pwositive and negative electric 
states. Non-conduction consists in a comparative deficiency of 
electric ether in the interval between contiguous compound 
molecules, by reason of which a transmission of electric move- 
.ment does not readily occur from one to the other. I have shown 
in my paper on Molecular Physics that in such cases an electric 
polarization of the molecules is induced, which develops a resist* 
ance to the electro-motive force. 

The excitation of electricity by heat is conceived to be prin- 
cipally due to the expansive action of heat on the electric 
envelopes of primitive molecules, and on the compound molecules, 
which either sets free a certain portion of electric ether, or 
establishes a chain of electro-polanzed molecules.* 

General Considerations. — The Theory of Cosmical and Mole- 
cular Physics, of which I have now given a brief outline, rests 
essentially upon the following principles. 

(1.^ The doctrine of inertia applicable to all matter. 

(2.) The existence of a single primary force of repulsion exerted 
by every atom upon every other atom. This force is universally 
aomitted to be in operation between the atoms of the luminife- 
rous ether, and between the atoms of ordinary matter and this 
ether at the most minute distances. 

(8.) The existence of hut one primary form of elementary matter^ 
viz : the universal or luminiferous ether : — ^the atoms, so called, 
of ordinary matter and of the electric ether being but different 
masses of condensed luminiferous ether. The theory of the 

* For the more oomplete exposition of my theoretical views I must refetr thft 
ffMdsr to tho memoir on Molecular Ph jbiob. 
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origin of universal gravitation that has been propounded might 
be reconciled with the ordinary notion of matter, viz : that its 
atoms are essentially different from those of the ether, if we 
could admit that the resistance of an ordinary atom to a force 
giving it motion was proportional to its surface instead of its 
mass. 
(4). The doctrine of the interception offeree^ as already set forth. 
(5). The primary force of repulsion is made up of impulses 
recurring toith an immeasurable rapidity. This is no new hy- 
pothesis. In all treatises on Mechanics, gravity, and all incessant 
forces, are conceived to consist of an indefinitely great number 
of impulses taking effect in a finite interval of time. 

K we conceive the propagation of the primary force of repul- 
sion to be by the intervention of a medium, this mediimi must 
be an ether more subtile, and endued with a more intense elastic 
force than the luminiferous. This elastic force must consist in 
a mutual repulsion between the atoms. Thus, upon the idea of 
a material propagation of force, we must ultimately rest upon 
the conception oi a force exerted between two atoms separated 
by a finite though excessively minute interval of space. There 
is no tenable positipn between this and that of a plenum. 

Let us here devoutly acknowledge that in thus following 
the chain of cause and effect into the precincts of that most 
deeply hidden of all mysteries, the origin of force, we have 
come into the presence of the Infinite Spirit who putp forth 
unceasingly, from every point in th^ realms of space, His crea- 
tive and sustaining power upon the subtile matter that fills all 
space, and is the essential substance of all worlda 

In addition to the principles just stated, we recognize the 
existence of matter in the three states of the luminiferous ether, 
the eleclric ether, and ordinary mditer. 

It hardly need be stated that among the consequences of these 
fundamental principles is included the doctrine of the Conserva- 
tion of Energy, actual and potential. It is obvious that at any 
point in the boundless sea of ether the same amount of cosmical 
force would be received from every direction, but for the exist- 
ence of the innumerable worlds dispereed through it It is 
also true that in the mutual gravitation of each pair of cosmical 
bodies, resulting from the interception of the cosmical force, the 
amount of this force expended in giving motion to the one body 
will be expended in precisely opposite directions in giving 
motion to the other body ; so that on the whole the cosmical 
force in operation in any one direction is equal in amount to 
tbit in operation in the opposite direction. Also the amount 
of energy taken up in the half revolution during which the one 
revolving body is approaching the other, is given out during 
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the remaining half revolution in which it is receding and 
returning to the original position.* 

The kindred j)rinciple of the mutual convertibility, or " Cor- 
relation of Physical Forces," including among these the living 
force of moving bodies and of the atoms of all bodies, is obvi- 
ously an essential feature of our general theory. For heat is 
regarded as being in its origin a wave of translation in the 
luminiferous ether, and an electric current is a similar wave in 
the electric ether, and the conversion of one of these into the 
other, or into the motions of ordinary matter, is merely the 
transfer of the living force of moving matter from one of the 
states or forms of matter to another. The heat developed in 
chemical attraction, is the amount of living force in the waves 
of luminiferous ether originated by the compression of the elec- 
tric envelopes of the uniting molecules ; ana the force of attrac- 
tion is expended in the act of originating these waves, and must 
be equal to the living force propagated m them. In the chem- 
ical union of two atoms, or primitive molecules, the " clash of 
atoms " that takes place cannot be succeeded by a perfectly 
elastic mutual repulsion, since such a repulsion would com- 
pletely separate them, and restore them to tneir condition before 
the attraction came into operation. Now the loss of elasticity, 
which renders the union possible, consists in the outward move- 
ments imparted to a certain portion of the luminiferous ether 
lying between the uniting atoms and their electric envelopes, by 
the forcible compression of the envelopes, resulting from tM 
clash of the atoms ; and these movements constitute also the 
living force of heat developed. 

The heat produced by extraneous pressure, or by impact, is 
the work done by the force of pressure in compressmg the 
molecular envelopes, in opposition to the resistance of the 

* The over-recurring pulses of the primary cosmical force, emanating firam lU 
the atoms of the one, primary matter, are directly consumed in communicating Oj^ 
posite movements, or virtual movements, to every atom in the umverae. It is, as I 
oonoeivo, because in the existing condition of things the distribution of matter is 
unequal in different directions around a point, and therefore the partial interception of 
the impulses of the cosmical force along the different lines of direction uneqtud, i^bt/t 
an effective gravitating force cxista The entire amount of the cosmical force oon* 
sumed in any interval of time is the amount intercepted by all the atoms of mattw, 
and is independent of the motions that result from the inequalities just noticed. 
Gravitation, and molecular and chemical attractions which originate in the graTiiiir 
tion of electric ether toward atoms of ordinary matter, are then derivative foroei^ 
incidental to the direct actions exerted by the cosmical force upon the atoms. Tb9 
heat which escapes from the sun, or any cosmical body, into space, represents ot^f 
a certain amount of the general gnravitating force previously expended in impartiiig 
movements, in waves of ti-anslation, to the luminiferous ether. The electric ont^ 
rent, wherever it exists, represents a certain amoimt of the «ame force, expendfi 
in imparting similar movements to a certain quantity of electric ether at tte 
source of the current In other words, the escaping heat and the electric cuiiiat 
each represents a certain amount of work done, either by the g^vitating teDdMi* 
cy of electric ether toward ordinary atoms, or by that of ordinary atoms towarfi 
each other. 
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luminiferous ether posited below them, transformed into the 
accumulated work of the ethereal waves set in motion by this 
compression. The deficiency of elasticity, essential to the 
development of the heat, consists in this escape of the ether in 
waves of translation, and the attendant loss of living force ; 
and the permanent compression of the impinging bodies results 
from the change in the molecular forces, consequent upon the 
permanent compression, or forcing inward of the molecular. 
envelopes. 

The principle of the "Correlation of Physical Forces," 
involves (as above implied) with it that of the "Conserva* 
tion of Force,-' maintained by modem physicists, viz : that all 
transformations of one physical force into another take place 
without any loss, and therefore the store of living force 
in existence in nature is invariable. 

The idea seems now to be commonly entertained that the 
entire force in operation in the universe is the result of certain 
motions imparted to all matter at the creation, and so being 
ever equivalent to the living force embodied in these primordial 
motions, must be invariable. But a gravitating force is always 
operating to deflect each revolving body from the tangent to 
its orbit, and a certain amount is continually being expended 
in this act, so that if the force of gravitation were due to 
preestablished motions, it would be continually wasting away, 
and the entire amount of force in the universe would be per- 
petually diminishing. The sum total of the individual forces 
taking eflEect throughout all nature may indeed be constant, but 
if so it is because tne flux of the primary force of repulsion is 
tmiform, and is consumed primarily by interception from all 
atoms, incidentallv in maintaining the motions of revolution 
of all the cosmical bodies (in the universe), and all the molecu- 
lar forces perpetually neutralizing each other within these 
bodies. 

From our present point of view we may also discern that the 
physical forces, ordinarily so called, have an entirely different 
(wigin from that above mentioned. We may perceive that they 
are all either the direct or indirect result of the operation of the 
general force of gravitation, which is itself a consequence of the 
operation of the cosmical force of repulsion. Gravitation is the 
direct agent in two general classes of phenomena, viz: the 
revolution of one cosmical bodv around another, and the act 
A of condensation of every such body upon its center of gravity. 
In the former the motion is curvilinear, and all the living force 
imparted by gravity to either body, while the two are approach- 
ing each other, is taken out, by the operation of tne same 
force in opposite directions, while they are receding from each 
other ; and this alternation has continued from the first without 
loss o( living force, from one revolution to another. But, in the 
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act of formation of the existing cosmical masses by condensation, 
the motions of their elementary parts have been airected toward 
the center of gravity of the mass, and the mutual destruction 
of such opposing motions has developed an equivalent amount 
of living force in the form of heat, tnat is in the form origin- 
ally of waves of translation proceeding fix)m the ethereal 
atmospheres of the condensed molecules. By the continued 
operation of the gravitating force, in the sun and earth, and 
probably in innumerable other worlds, the transformation of 
the wort of condensation effected by this force into an equiva- 
lent store of heat-work is constantly going on. The heat of 
chemical combination, as well as that of liquefaction and 
solidification, are attributable to the gravitation of the electric 
ether toward the atoms of ordinary matter. All the heat and 
attendant light evolved since the creation form a store of accu- 
mulated work equivalent to the work done by the force of gravi- 
tation in effecting all the condensations that have hitherto taken 
placa This heat and light force has been in its natural opera- 
tions opposed to the force of gravitation, and so essentially a 
separatmg alid decomposing force. It has been the great physi- 
cal agent m all the processes of vegetable and animal life, it nas 
ever been passing through cycles of transformation into other 
physical forces, but in all its transformations the entire amount 
of energy, actual and potential, has remained invariably the samei 
Chemical combination, the electric current, liauefaction, and so- 
lidification, are instances of motion directly due to the general 
gravitating force operating on the electric ether. All motions 
of translation or rotation of bodies at the earth's surface are 
traceable directly to the same force, or to that of heat repulsion 
and therefore indirectly to that of gravitation. We may accord- 
ingly lay down the postulate, that the entire circle of what are 
termed physical forces have originated in the living force of the 
motions of condensation that have resulted fix)m the natural 
operation of the general gravitating force, initiated at the dawn 
of creation and continued through all time. The very process 
of formation, by gradual condensation, of the worlds that peo- 
ple immensity, has developed the natural forces which have 
presided and continue to preside over all the processes of chanm 
that diversify and beautify their surfaces, ana fit them to be me 
abodes of hving beings. These diverse natural agents are 
but the offspring of the one overshadowing force, which, in 
the progress of countless ages has formed all worlds out of the 
primordial material fashioned by the Hand of the Creator. We 
may indeed, as we have seen, rise to a still greater height of 
oonception, and refer this universal force to a primal force of 
oosmical repixlsion, associated by the Infinite Spirit, the Souroe 
of all Power, with every atom of the one primeval matter thai 
fins immensity, and is the elementary substance of all world&, 
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Art. TV. — The Photo-mapper ; by Henry M. Parkhurst. 

It is a remarkable fact that wliile vision is by far the laost 
accurate of our senses, aiding us almost exclusively in obtain- 
ing accurate measures, we have as yet discovered no method of 
measuring the intensity of light The method of measuring 
the brightness of a star by extinction, for example, is in fact 
merely a method of assisting the eye in estimation. If we were 
to measure the diameter of a sphere by removing it to such a 
distance that it should cease to oe visible and multiplying that 
distance by a certain constant ; or by subdividing it until we 
could divide it no longer, or until the atoms should have no ap- 
preciable weight, ana multiplying by a constant ; it would oe 
analogous to determining the brightness of a star by ascertain- 
ing what proportion of its light is too small to affect the retina. 
The true mode of measurement is by substraction of certain 
known quantities. To illustrate the advantage of this, were 
the difference of brightness of Arcturus and Capella but .01", 
that difference would be visible to the naked eye ; and were it 
but .0001™, it would be easily visible with telescopic aid. 
Could we construct a glass which would transmit, not a certain 
proportion of the whole light of a star, but all its light exceed- 
ing a certain absolute quantity, it would afford us a perfect pho- 
tometer. Or could we construct a glass which should transmit 
polarized light, but which would not transmit common light, 
that would accomplish the same result. But in the mean time 
we may be allowed to designate estimations assisted by mechan- 
ical means as measures of the magnitude of a star. 

My firet experiments in determining by mechanical means 
the magnitude of stars observed in zones, and recording that 
magnitude at the time of observation on star-maps taken by 
ihe instrument described in the Journal for September, were 
made in 1865. I then constructed a hexagonal diaphragm so 
arranged that a series of six plates over the object glass, moved 
simultaneously by a lever extending the length of the telescope, 
gradually diminished the aperture until the star ceased to oe 
Tirible. I connected this lever with the system of levers ope- 
rated by the star-key, and recorded upon the map, in the same 
right-ascension with each star, a point whose position indicated 
the aperture at the moment of extinction, and therefore gave 
by a prepared scale the magnitude of the star. 

My next step was to avoid the long and cumbrous lever by 
adopting the principle of the apparatus invented by me in 1860, 
and which I term a Bar Photometer, reducing the cone of light 
from a star at a point intermediate between the object-glass and 
its focus, instead of directly reducing the aperture at the object- 
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At a convenient point, say one-eighth of the distance fix>m 
the focus to the object-glass, I place in the meridian a straight 
bar one-eighth of the diameter of the object-glass in width. 
Clamping the telescope a little to the west of a star, the cone of 
light IS CTadually intercepted by the bar, and gradually re-ap- 
pears. The time during which the star is extinguished, or dur- 
mg which it remains of less brightness than a standard artifi- 
cial star in the field, indicates the brightness of the star by the 
proportion of the light cut off by the bar at the moments of 
occultation and reappearance. 

A modification of this plan, is to make the bar wider, so that 
it shall become a diaphragm, with a central aperture of the 
width of the cone of rays, observing the duration of appari- 
tion instead of the duration of occultation of the star. 

By either of these methods the scale may be made one of 
equal parts by a device similar to that which will presently be 
explained. With or without such a device, this method Ls well 
adapted for observations of small variable stars, requiring no 
apparatus but the bar, whose distance from the focus shall be 
so detennined that photometric accuracy shall not be sacrificed, 
while there shall be no unnecessary consumption of tima In- 
deed a plain Bar Photometer can at any time be extemporized 
in a few minutes. Its adjustment in width or distance is not 
essential, because its position and width can be determined and 
the proper connections made without difficulty after the obser- 
vations. 

A further modification of this plan, is to revolve the dia- 
phragm 90°, and make it movable in declination, occultating 
the star on both sides of the center of the field, the magnitude 
being indicated by the extent of the motion, which may be con- 
veniently and accurately measured, with a dim light, by a pair 
of dividers. 

By a still further modification, the motion of the diaphragm 
may be produced, by means of intermediate levers, by the star- 
key of my star-mapper ; and this constitutes the Photo-mapper, 
which I will now more particularly describe. 

The diaphragm is moved parallel to itself in an arc corres- 
ponding to that described by the star-point and star-key, being 
supported and guided by two parallel bars whose bearings are 
screwed to the east side of the telescope tuba The diaphi'agm 
being seven-eighths of the distance from the object-glass to its 
focus, the length of the supporting bars is seven-eighths of the 
radius of the star-point As I use a camera-prism, wliich slightly 
shortens the focus, I have, in my instrument, made the proper 
corrections, but need not here refer to details of that description. 

On the same center with the star-point, and star-point-bar, 
shown in fig. 1 of my article on the Star-mapper, is another bar 
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x!ed parallel to the axis of the telescope, pointing toward 
5 object-glass. The further end of this magnitude-bar is con- 
3ted at right angles by a connecting-rod with universal joints, 
th the upright arm of a lever, the Tower arm of which is the 
Rrer supporting-bar. The length of this upright am;i and of 
e magnitude-bar must be equal. In photo-mapping I place 
e prism always in the meridian, to avoid the complicated ad- 
stments which would be necessary if its position were to be 
iried. 

As the diaphragm will move seven-eighths as fast as the star- 
rint, it is e\'ident that if it is so adjusted that it will not inter- 
ipt any of the light of a star in the center of the field when 
le star-point is brought to the declination of that star, then in 
apping a northern or southern star in the field its light will be 
Qobstnicted. But moving the star-key to the north or south 
:' a star will intercept part of its rays. The light of the star 
eing thus equalized with that of a standard artificial star, or 
itinguished, as the case may be, a magnitude mark is impressed 
tt the paper. The star is then mapped in its proper position, 
ttd the distance upon the map, oi the magnitude mark from 
le corresponding star, will be the measure of the magnitude 
f that star. 

A perpendicular plate, with a circular hole through which the 
onnecting-rod passes, furnishes a convenient point from which 
3 measure with dividers when the instrument is used without 
he mapper. 

Thus far I have spoken of the ** cone " of rays, as if the aper- 
are were circular. If it were so, the scale of magnitudes 
rould not be one of eqiial parts. It may be made one of equal 
iQrts by placing over the object-glass an outer diaphragm with 
Ji aperture of suitable form, and making the aperture of the 
nner diaphragm of corresponding form. 

Let x=2'6[;i/] be the equation of a logarithmic curve. Then, 
he area between any two ordinates of that curve will be 
!*5MAy ; M being Modulus. Constructing for the object-glass 
)f 6 inches aperture a diaphragm bounded by four such curves, 
rith values of x ranging from —1*5 inches to +1*5 inches, lay- 
ng off X vertically, above and below the center, and y to the 
Tght and left, and a similar inner diaphragm of one-eighth the 
ineal dimensions, neglecting for the present the portion of the 
nrve which will pass outside of the circle, it will be seen that 
he motion of each one-fourth of an incli of the inner dia- 
hnigm will leave an area corresponding to stars exactly one 
lagnitude smaller. The motion of the star-point will be one- 
Tenth greater, and of the star-key still greater, according to 
€ scale of the map. 
But while the object-glass is limited, the inner aperture may 
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extend beyond the corresponding circle of one-eighth the diau 
eter. If therefore an area equal to twice the omitted portion < 
the curves above and below is added to the inner diaphragn 
it will be almost immediately available, and the omission froi 
the outer aperture will cause an error of less than '1™, and thf 
only at the commencement of the scale. The proper form c 
this added portion is the inversion of the last 1""2 of the curv 
within the circle, the final value of y being exactly three time 
its value at the margin of the disk. 

With the diaphragms thus constructed, the scale runs througl 
8*™0 as a scale of equal parts. Beyond that point the starmaj 
still be extinguishea, if not too near the center of the field 
but the scale will be condensed. 

The stars occurring in any zone may be divided into threi 
classes: those above thje 6 "5 being approximately measure( 
by the condensed scale, and being so few in number that the^ 
may be conveniently, as well as more accurately, measured b^ 
a dififerent method, to be explained below ; those between tin 
6 '"5 and the 9 '"5, which may be equalized in brighttiess witl 
an artificial star in the field previously brought to an equalit; 
with a 9'™5 star ; and those fainter than the 9 '"5, which may 1> 
extinguished. The outer diaphragm will so diminish the apei 
ture that 12 ""^S stars will be the smallest which can be seen. 

The Disk Photometer. — For the brighter stars I employ an ec 
tirely different apparatus, based upon a more accurate method 
I expand the stars into disks by arawing out the eye-piece b€ 
yond the focus, until a portion of the disk shining through a: 
aperture in the field of view shall either be exactly equal ii 
brightness with an adiacent luminous disk, or be imperceptible 
The extinction of a disk by expansion is only practicable wit 
a small aperture or with telescopic stars, and is not much, i 
any, more accurate than extinction by reducing the apertuit 
But comparison of disks, especjially ior the stars visible to th 
naked eye, is the most accurate means of measurement know: 
to me, the error of the comparison being in my experience 1« 
than the inequalities of the artificial disk, and the latter muc 
less than those of the sky. 

The star and the disk can be compared, if desired, by the ai 
of polarization, by the use of a double-refracting prism to con 
bine the two disks into one, and a selenite plate and anoth( 
double-refracting prism to form new colored disks ; but instea 
of producing the final adjustment by further polarization, tl 
bundle of plates may be dispensed \vith, and tne dLsks rende 
ed colorless by the motion of the eye-piece. 

For convenience I have made a slide with six equal opei 
ings, to shade the disk with neutral shades, and a slide to sliac 
the star. I ascertained that one shade was equivalent to 1*™© 
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and that, although I admit the rule would not be accurate with 
colored shades, five neutral shades were equivalent to b^lb. 
It is therefore convenient to compare directly st^ars differing as 
much as « and A Ursae Minoris. In order to neutralize the yel- 
low color of the artificial disk, and to make it appear indistin- 
guishable fix)m the visible portion of the disk oi a star, I have 
found it necessary to use a blue shade. I have extended the 
telescope by various tubes, sometimes nearly two feet ; but with 
the use of the slides I find that a tube five inches long to hold 
the eye-piece, usually gives sufficient extension to the telescope 
and sufficient range of brightness. The amount of the exten- 
sion I measure with dividers, using a prepared scale which 
gives directly, in magnitudes, the difference in brightness be- 
tween the observed star and a standard depending on the bright- 
ness of the disk. 

The disk photometer is especially useful for observing the 
brighter variable stars. It is inaptilicable for determining the 
brightness of stars so close together that the space between 
them is not sufficient for a disk ; but in this case it may be used 
to determine the aggregate brightness of the two stars. It may 
be used for measuring the brightness of planets, small nebulae 
and comets, probably of the moon, and possibly of the sun. 

The same apparatus may be used to determine the compara- 
tiye brightness of different portions of the sky, but requires a 
different process. 

The error of the determination of the magnitude of a star 
by the method of equalizing disks, may be divided into four 



L The error of the assumed magnitude of comparison stars. 
In my series of observations, instituted to determme the rela- 
tive amount of the several errors, this error hardly exceeds ™*01. 

n. The error of obsei*vation, or inaccuracy of judgment as to 
the exact point where the disks are equalized. Not only accor- 
ding to the statements of Arago, Silliman, and Crookes, redu- 
ced by myself, but according to my own results, the error of 
observation — I refer to the mean erroi- — does not exceed ™02, 
in a series of stellar observations averaging forty to the hour. 
For fainter stars than I observed in my series, the error of ob- 
sen^ation is greater. There are three limitations : 

1. One disk cannot be distinguished in brightness from an- 
other, unless one-sixtieth brighter or fainter, according to Arago. 

2. One disk cannot be distinguished as brighter than another, 
if the subtraction of the light of the fainter disk from the other 
would leave a disk too faint to be visible bv itself. The same 

Srinciple is applicable to points of light, tfnless, therefore, the 
isk is at least sixty times as briglit as is necessary for visibil- 
ity, the error of observation will be greater. 
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8. If the disk is small, the accuracy of comparison is im- 
paired. Hence j)oints of light cannot be as accurately compared 
as disks. I have used a disk of an apparent magnitude of at 
least 1'^, and have not investigated the amount of error with a 
smaller disk. 

IIL The error from the variation of the artificial disk during 
observation. I have made manv and careful experiments to 
render this error as small as possible, and to avoid ascribing to 
the irregularity of the sky discrepancies which might be owing 
to variations of the artificial disk. The brightness of the arti- 
ficial disk mav vary from four clauses: 

1. The illuminating quality of the gas may va^v^ Hence 
observations on dillerent evonmgs cannot be compared directly. 
But the change of the gas will be so slow, excepting probably 
from the heating of the aj^panitus when it is first lighted, as not 
to appreciably at!ect the results. 

2. From variation of the pressure the flame may be made 
larger and brighter. I first partially correct4?d this by forming 
upon the screen an image of a circle of the flame "05 in. in di- 
ameter. I afterwards made a giis regulator, admitting the gaa 
into an inverted re<;eiver suspended at one end of a lever, the 
other end of which gradually shut off the gas as the receiver 
rose ; so that whatever the pressure of gas in the mains there 
should be no variation in the flame. 

3. The flame varies in different parts. Hence, if on turning 
the telescope upon a new star the lantern is not accurately ad- 
justed to a horizontal position, a brighter or fainter portion of 
the flame will come opposite the aperture. The .flame as a 
whole havino: been made uniform by the regulator, I have intro- 
duced a smoothly ground glass at the aperture nearest the flanrxe, 
and reduced the flame and moved it further back, so as to use 
the whole flame. 

4. The light from the star is a sharp cone, wholly entering 
the eye even if withdrawn several inches from the eye-pieoc 
The light from the illuminated screen is a hemisphere. Unless 
therefore the eye-piece renders the rays parallel, which it )\'ill 
not if the observer is either near-sighted or far-sighted, a diftor- 
ence in the distance of the eye will ffreatlv affect the results. 
I have therefore turned the plane glass in the eye-piece so as to 
throw the light directly into the eye, reducing the aperture o^ 
the lenses so that the cone of rays from the artificial disk nei^r* 
ly corresponds with that from the star. It is necessary that tb^ 
eye should be held so that both cones shall completely enter i* 
at once, which can be easily accomplished but requires care. 

The error from the variation of the artificial disc, without tiio 
gas regulator, I ascertained not to exceed "»04 How much 
this has been reduced by introducing the regulator and grouii<i 
glass screen, I have no means of estimating. 
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TV. After allowing for the previous errors, amounting in the 
aggregate to less than '"Oo, the remaining discrepancies of ob- 
servation of invariable stars must arise from variations of the 
apparent brightness of the stars from atmospheric obscuration. 
I divide this into two parts : 

1. The general and permanent obscuration depending on the 
altitude of the star, i have ascertained that tnis follows the 
law of refraction ; but the coefficient varies in amount on dif- 
ferent evenings, sometimes equalling "''50 for an altitude of 20°, 
and at other times not exceeding one-third that amount I ap- 
ply the correction for obscuration to each star, in reducing the 
observations, so as to eliminate this ; and I therefore regard it 
as no part of the error of observation. The correction may be 
easily applied without directly determining the altitudes, by a 
prepared scale. 

2. The temporary and local obscuration, from various atmos- 
pheric causes. By more than 400 observations of 18 stars of the 
2n(l to the 4th magnitude, « Persei and y Arietis being the ex- 
tremes, I found that the average mean error of an observation, from 
all causes, amounted to '"ll ; so that the mean error from the tem- 
porary and local obscuration alone is on the average •" '10. There 
IS a great difference between different days ; the average mean 
error of all the stars being sometimes as low as ^'01 for a whole 
evening, and at other times for an evening apparently equally 
clear, as high as '"-20. The ditTerence between the stars is no 
less conspicuous. The stars « and y Persei are near each other, 
and nearly of the same brightness. Yet the mean error of an 
observation of y Persei, assuming it to be an invariable star, is 
nearljr three times as great as of e PerseL 

It IS evident therefore that if the results I have reached are 
even approximately correct, the errors of observation and of 
the instrument, if ordinary care is used, are of no material con- 
sequence ; and accurate results can only be obtained by multi- 
plying observations on different evenings, so as to eliminate as 
iar as possible the errors arising from the variations of the sky. 



Art. V. — On Oie Crater of Haleahala^ Island of Maui, Hawaiian 
Group ; by Prof. W. D. Alexander. (From a letter to one 
of the Editors.) 

I HAVE just been spending a summer vacation on Maui, and 
in tlie course of it made a careful survey of the great crater of 
Haleakala. During the vacation I went three times to the sum- 
Diit The first time I rode up from Makawao before sunrise, and 
spent about seven hours in collecting mineral specimens and 
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plants, and forminff a plan for the survey of the crater. The 
flora of this region has oeen described before. I will only say 
that the principal plants that survive on the bleak summit are 
the Argyroxiphium^ Raillardia montana^ Vittadinia^ and some 
stunted ferns, viz : Pteris aquilina and Trichomanes. In the 
belt between one and four miles from the summit, in addition 
to the above, are found the beautiful Geranium cuneatum, 
Sophora chrysophylla^ Sandalwood, Coprosma, and a few ohelos 
( Vdcdnium reticulatum). Water boiled at 193** Fahrenheit when 
the atmosphere was at 46** Fahrenheit At sunrise we enjoyed 
the grand sight of the vast triangular shadow of the mountain 
projected on the clouds in the western sky. 

On the morning of August 4th, I ascended the mountain again 
from Makawao, with five natives, and furnished with a superior 
theodolite, a dozen large bamboos for signal poles, a good t€nt, 
and provisions for a week. We spent seven days on the moun-' 
tain, and enjoyed almost uninterrupted fine weather. 

We commenced operations by setting signals on the prom- 
inent points along the western side of the crater. The west- 
em clifis are very steep, though it is possible to descend in 
many places, and are from 2,000 to 2,500 feet high. We 
pitched our tent on the lee side of a hill near the southwest 
comer, called by the natives " Pakaoao " or the " fortress of 
Kaoao." This hill is composed of a light gray solid clink- 
stone, which splits into lammae like slate. 

It has been much shattered, probably by the terrible convul- 
sions that attended the opening of the Koolau gap, and for a 
quarter of a mile toward the northwest the ground is strewed 
with fragments of rock that have been hurled in that direction. 
These rocks form a striking contrast with the darker and more 
basaltic rock to the northward. The same formation crops out 
on the east side of the Koolau gap, at the southern foot of 
Hanakauhi in the oasis surroundea by recent lava, at which 

Slace it projects from the hill side in the form of huge perpen- 
icular slabs or lamellar masses, not more than ten feet thick, 
and from thirty to fifty feet high, standing out of the grassy 
slope like immense grave stones. The. patches of gravel on the 
summit contain numerous crystals of augite. The hill called 
the fortress of " Kaoao " is partially terraced on the lee side, 
and is covered with hundreas of little inclosures built of stone, 
three or four feet high, and paved with thin flat pieces of clink- 
stone. I noticed that a few had been covered over with a kind 
of slate roof Here, according to tradition, encamped the army 
of Kaao, a chieftain who had been driven out of Kaupo by his 
rival, some time in the early part of the last century. We 
found a couple of ancient sling stones in the camp. Many 
silver-swords {Argyroxiphium) and other plants have grown up, 
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flourished and died in the pas where his army once encamped. 
I was told that they drew tneir supplies from Kula^ the district 
on the west sida Other natives relate that the sandalwood 
cutters used to encamp there forty or fifty years ago, when col- 
lecting , sandal wood for their chiefs. The chief, Kaao, was 
finally aefeated and killed in a battle fought on the west side 
of the mountain. 

Our supply of water was brought from a water-hole two or 
three miles west of Kalahakuj which is only known by a few of 
the natives. We spent three nights on the spot 

About a quarter of a mile farther south is a red scoria hill, 
which is the highest point of the mountain, 2,760 feet above 
the bottom of the crater. It is the first of a long line of scoria 
hills which extends to the sea on the southwest, passing through 
Capt Makee's plantation, and "is called Kolekole. 

The true meridian was obtained by careful observations on 
the pole star when on the meridian taken at this point and also 
at the east end of the base line in the crater. The fact had 
been noticed before that there is a considerable local attraction 
in the walls of this crater. I found that certain rocks of a com- 
Mct bluish lava on the highest point were decidedly magnetia 
Pieces of this rock have distinct polarity. There was evidently 
a large daily variation of the needle ; between sunrise and noon 
the needle moved at least half a degree % westward, and re- 
turned to its former position at night On the morning of the 
5th there was a heavy frost around our camp, the thermometer 
at sunrise standing at 38° Fahr. The average temperature at 
noon was 72° in the shade ; the temperature in the crater 
averaged about 4° higher. After selectmg stations and setting 
up signal flags along the western and southern sides of the 
crater, we descended into it at the southwest comer, along an 
immense sloping bank of reddish sand and scoria. We then 
marked out a base line more than a mile and a half long over 
a level plain at the foot of the southern wall of the crater. 

This plain was sprinkled with myriads of silver-swords 
{Argyroanphtum), many of which were in fall bloom, present- 
ing a magnificent sight These plants are most abundant over 
the volcanic sand in the central part of the crater. Both in 
descending into the crater and on our return, we followed a 
beaten path, which leads through the southeast gap to Kaupo. 
Our party were somewhat aifected by the rarity of the air ; we 
all experienced shortness of breadth, and some complained of 
headache, but after spending a week in this region, we became 
accustomed to the air, and our "wind" improved wonderfully. 

The natives have many local names for different parts of the 
crater. The term HdUaJcala properly belongs to the southeast- 
em part of the mountain, extending two miles west from the 
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Kaupo gap to the low place in the wall of the crater, called the 
" Puali or pass of " Koanui o Kane^ 

On the eastern side is a famous rock called Pohaku Palaha^ 
which is the " hub" of East Maui, from which all the boundaries 
between lands are believed to radiate. 

The next day, the 6th, we moved our tent and baggage four 
or five miles into the crater, and encamped near a cave called 
" Ke ana ma ka tiahi,'' i, e, the smoky cave, half a mile from a 
trickling stream on the southern wall called "the water ol 
■Palaoa.' This place we made our head-quarters for three days, 
during which we enjoyed almost cloudless weather, and our 
survey made rapid progress. 

There is much more vegetation in the eastern end of the 
crater than in the western. On the sloping walls of this part 
of the crater, and on the three easternmost cones we noticed a 
good many mountain plants, such as Dodoneea, Sophora^ Rail- 
lardia and Oeranium^ and on the summit of the southeastera 
walls of the crater, we observed clumps of large trees. This 
vegetation gave this region a very different aspect from the stem 
desolation of the western end. ITear the commencement of the 
Kaupo gap, close to the road, there is a famous water-hole called 
^^Kawaipam" Here, as I am told, there is a subterranean 
stream of pure cold water, two or three feet below the surface, 
which is reached through a small hole in the rock, which was 
formerly kept closed by a large stone, whence its name, " the 
closed water." 

The scenery around us was entirely unique, and as grand in 
its way as that of the Yosemite valley. The vast plain sur- 
rounded by black precipices nearly twentjr miles in circum- 
ference, and from 1,000 to 2,500 feet in height, with the two 
wide breaks through which we had glimpses of the distant 
ocean, the sixteen crater cones, of different colors, gray, red and 
black, the profound solitude and silence broken only by the 
flocks of wud goats, formed a scene to which it would not be 
easy to find a parallel elsewhere in the world. I ascended seve- 
ral of these cones in the course of my triangulation, and found 
the highest to be over 750 feet in height above its base. An- 
other measured 390 feet, and several are over 200 feet in height 
They are composed of light scoria and cinders, generally of a 
deep reddish color, but two are of a peculiar gray tint, and 
others nearly black. I found no traces of sulphur and very 
little pumice. The cones all have their ancient names, which 
are known only by the mountaineers and old natives. For 
instance, the highest cone is called " Ka lua o ka Oo,^^ the cra- 
ter of the Oo, and was the fc»rmer residence of Kamohoalii, 
Pele's younger brother, "the king of vapor," of whom many 
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legends arc told. Another was called " Ka iwi o Peh^' Pele's 
bone, and close by it on the north side is the Papuaa o Pele, or 
'• Pele's pig-pen." This is a singular natural formation of lava, 
about two rods square and ten feet high, with an opening on 
the northwest sida Some of my men believed that if any one 
should kaha^ i. e., scratch the sand in this place or otherwise 
desecrate the sacred precinct, the evil spirits of the mountain 
would bring on fog and rain. A similar superstition attaches 
to the Argyroxipkiumj or silver-sword plant The natives also 
report a bottomless hole on the northwest part of the crater, 
which I did not visit, but which has been seen by my father and 
others. 

After returning to our first camp on the summit, we spent 
another day in visiting the stations around the south and west 
sides, and measuring the remaining angles, and returned to 
Makawao Isite in the evening of the 11th. After having worked 
up my notes and drawn a map of the crater, I visited the sum- 
mit once more on the 25th, to compare my map with the ori- 
ginal on the spot, and to make the details more exact. 

According to the results of my survey, the crater is of an oval 
shape, its longest diameter being nearly east and west, unlike 
most of the Hawaiian volcanoes, the major axes of which 
generally range north and south. The greatest length of the 
crater was found to be about seven and a half miles from east 
to west, the width being from two and a qiiarter to three miles. 
The area is about sixteen square miles. 

The highest point was determined by the United States Ex- 
ploring Expedition to be 10,217 feet above the level of the sea, 
and 2 J83 feet above the bottom of the crater. I made its 
height by triangulation 2,750 feet above the east end of my 
hase line in the crater. The boiling water experiment gave an 
altitude of 10,165 by Regnaulfs rule, which is certainly a close 
approximation. 

The northern or Koolau break is about three miles wide, and 
over 2,000 feet deep, where it first leaves the crater. The 
western brink of it bears about N. 64** E. The bottom of it is 
floored with streams of lava of different ages, and is extremely 

wide, and its direction for the first three or four miles is about 
S. 58° E- The lava flow then turns to the southward, and 
continues in the direction S. 34° E. to the sea, spreading out 
in the form of a delta, and filling up the lower part of several 
large ravines. 

The appearance of the lava fields and cones in the eastern 
end, ana the vegetation on them seem to indicate that thev are 
fermore ancient than those in the western end. The latest 
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e southeast or Kaupo break is about a mile and a quatter 
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action in the crater seems to have been the formation of the 
cinder cones in the southwestern part 

To conclude, the survey has impressed me with the convic- 
tion that this is a real terminal crater, and not merely " a deep 
gorge open at the north and east," or a caldera, I have indeed 
heard the theory proposed that the mountain is but the wreck 
of a complete aome with a small terminal crater, the whole top 
of which has fallen in and been carried away, as is supposed to 
have been the case with some of the volcanoes of Java, and 
the Caldera of Palma. Such questions I leave for geologists to 
settle, and if I can furnish them any new data on the subject, 
I shall be quite content 

Oahu College, Oct 12, 1869. 



Abt. VI. — On a new method of separating Tin from Arsenic^ 
Antimony^ and Molybdenum; by Fbank Wigglbswobth 
Clarke, S.B. 

Some time since, happening to notice that the remarkable 
highly crystalline precipitate formed by oxalic acid in a solu- 
tion of stannous cnlorid was not blackened or otherwise aflFec- 
ted by sulphuretted hydrogen, I was led to a series of experi- 
ments concerning the action of the above named acid upon cer- 
tain metallic sulphids, and obtained the following results. 

Both sulphids of tin, if moist, and freshly precipitated, are 
readily decomposed by moderately long boiling with an excess 
of oxalic acid, HgS being given off. The monosulphid is con- 
verted into the insoluble, crystalline stannous oxalate, while 
the jcllow disulphid is completely dissolved. The commercial 
" mosaic gold,'' uowever, seems to be unacted upon by the re- 
agent In presence of an excess of oxalic acid, tin cannot be 
precipitated by H^S. 

The sulphicfs of arsenic, even upon very long boiling with 
the acid, are almost unattacked. Very minute traces of the 
metal sometimes go into solution, but may be reprecipitated by 
a bubble or two of HgS. Accordingly," the presence even of 
an enormous excess of oxalic acid does not hinder the precip- 
itation of arsenic as sulphid. 

The sulphid of antimony behaves in a somewhat different 
manner. Although upon long boiling with oxalic acid consid- 
able quantities of the metal are token into solution, yet every 
trace of it majr be reprecipitated by HgS. 

Molybdic trisulphid appears to be wholly unattacked by 
oxalic acid, even upon very long boiling. 

With the sulphids of tungsten I have obtained discordant 
results. Under certain circumstances they seem to be wholly 



of separating Tin from Arsenic^ Ac. 49 

insoluble in the acid, while at other times they are decomposed 
completely, and partly taken into solution. 

By availing myself of the solubility of the sulphids of tin 
in oxalic acid, I have been enabled to separate tin perfectly 
from arsenic and molydenum, and almost perfectly from anti- 
iQony. When only arsenic and antimony arc to be separated from 
tin, I find it best to proceed as follows : to the solution contain- 
ing the three metals, this solution being prepared in the usual 
manner for the precipitation of the sulphids, I add oxalic acid 
in the proportion of about twenty grams of the reagent for 
every gram of tin, taking care to have the whole so concentra- 
ted that the acid will crystallize out in the cold. I then heat 
to boiling, and pass in sulphuretted hydrogen for about twenty 
minutes. No precipitate appears at first, but as soon as the 
liquid is saturated with the gas, the sulphids of arsenic and 
antimony begin to fall, and in a very few moments are com- 
pletely thrown down. Then, as usual, the whole should be al- 
lowed to stand about half an hour in a warm place before fil- 
tering. Every trace of arsenic and antimony is precipitated, 
so th^t in the filtrate from the sulphids neither of these metals 
can be discovered by Marsh's test, nor can any antimony stain 
be produced with zinc upon platinum. I have carefully exper- 
imented to learn whether oxalic acid could interfere with either 
of these tests, and find that it has not the slightest influence 
upon them. The sulphid of arsenic is absolutely free from 
tin, but the antimony always carries down a minute trace of 
that metal with it This trace, however, if the operation has 
been carefully performed, can scarcely be detected, and gen- 
erally may be ignored with safety. If, however, the greatest 
accuracy is desired, it may be well to redissolve the sulphid of 
antimony in an alkaline sulphid, decompose the solution with 
an excess of oxalic acid, boil with a httle strong sulphydric 
arid water, filter, and add the filtrate to the tin solution previ- 
ously obtained. 

To separate tin from molybdenum, owing to the difficulty of 
precipitating the latter metal with H^S, I have been obliged to 
slightly vary ray process. I find that by adding an alkaline 
sulphid in excess to a solution containing a molybdate, then 
decomposing the sulphur salt formed with a considerable quan- 
tity of dilute chlorhydric acid, and allowing the whole to stand 
oyer nigl^t in a warm place, every trace of molybdenum is pre- 
cipitated The sulphid thus obtained can be easily washed 
with a mixture of dilute chlorhydric acid and ammomc chlorid. 
If now, by this process we throw down tin and molybdenum 
together, every trace of the former metal may be dissolved out 
by boiling the mixed sulphids for about three fourths of an hour 
with oxalic acid in the proportions which I have already given. 

Ail Jour. Sof.— Second Series, Vol. XLIX, No. 145.— J ah., 1870. 
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It is best to have present in the solution, while boiling, a li 
dilute chlorhydric acid. 

If antimony also is contained in the mixture, it is necesss 
just before ceasing to boil, to add to the solution an equal i 
ume of strong sulphydric acid water, to reprecipitate any 
that metal which may have gone into solution. Upon filter 
no molybdenum can be detected in the filtrate by any oi 
nary tests, and the molybdic sulphid is absolutely free fiT>m 1 
In all these cases it is assumed that the tin is in the form 
a stannic compound. It must be borne in mind that the lo^ 
sulphid of this metal is converted by the acid into an oxal 
insoluble in water. But as the latter dissolves to an almost i 
limited extent in dilute HCl, its formation need not interf 
with an analysis. 

Since the presence of oxalic acid interferes somewhat w 
the complete precipitation of tin by ordinary methods, I v 
subjected to some trouble in finding a process for determini 
that metal after the separation. At last I found it could 
thrown down as follows; the solution, after being rendei 
slightly alkaline with ammonia, is mixed with enough ammoi 
sulphid to redissolve the precipitate at first formed, an exc 
of acetic acid is added, and the whole allowed to rest save 
hours in a warm place. Acetic acid must be used, for stron* 
acids would be liable to set free some of the oxalic to redisso 
the tin. The precipitate which at first varies from white 
pale yellow, rapidly darkens in color, and seemingly consi 
of a mixture of oxyd and sulphid of tin. It should be wasl 
with a solution of ammonic nitrate, and, after ignition, 
weighed as SnO,. In two successive experiments, in whic 
mixed a weighed quantity of tin with unknown proportions 
arsenic and antimony, I received of the tin, after making 
separation, respectively 99*93 and 99*57 per cents. The loss 
the second case was due to my not having allowed the tin j 
cipitate to settle sufficiently long before filtering, in other woi 
to incomplete precipitation. 

The arsenic and antimony, being in the form of sulph 
may be estimated by any of the ordinary methods. They b 
be best separated oy Bunsen's process with sulphurous a< 
which, though far from perfect, is superior to all others. L( 
sen's method, in which the arsenic is precipitated from the i 
phur solution of the two metals as aramonia-magnesian ars 
ate, is worthless. 

A couple of years ago I made a few experiments upon 
directly aetermining the proportions of tin and antimony 
alloys of the two metals. I oxydized a weighed quantity 
the alloy with nitric acid in a porcelain crucible, heated, 
resulting oxyds with ammonic nitrate, and then, regarding 
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tin as converted into SnOj and the antimony into Sb^O^, cal- 
culated the proportions of the metals from the increase in 
weight This method, although by no means giving me accu- 
rate results, served verv well for rou^h approximate determina- 
tions. I cite it here simply as an easy and convenient process 
for obtaining a close idea of the constitution of any alloy com- 
posed of the two metals. Possibly the method might be so 
modified as to give accurate determinations. 



Art. VIL — Notes on the strxicture of the Crinoidea^ Cystidea, and 
Blastoidea; by E. BiLLiNGS, F.G.S., Palaeontologist of the 
Geological Survey of Canada. 

[Continued from this Journal, U, vol. xlviii, p. 83.] 

5. On the homologies of the respiratory organs of the Palceoaoic 
and recent JEchmoderms, and on the " Convoluted Plate^^ of the 
GnnoidecL, 

In a former note I have advanced the opinion that : — " The 
grooves on the ventral disc of Cyathocrinus and, also, the inter- 
nal " convoluted plate'' of the Palaeozoic Crinoids, with the tubes 
radiating therenx)m, belong to the respiratory and, perhaps, in 

Kt, to the circulatory systems — ^not to the digestive system, 
e convoluted plate with its thickened border seems to fore- 
shadow the " oesoj)ha^eal circular canal" with a pendant madre- 
poric apparatus as in the Holothuridea." (This Journal, IT, vol. 
xlviii, p. 78). I should have referred it to the madreporic sys- 
tem 01 the existing Echinodermata in general, instead of to 
that of the Holothuridea in particular. At the time the note 
was written I had in view tne madreporic sack of Holothurta 
which, as will be shown further on, most resembles in form that 
of Actinocrinus. The figures and descriptions, which follow, 
are intended to show the gradual passage or conversion of the 
respiratory organs of the Oysttdea, Blastoidea and Paheocrino- 
idea into the ambulacral canal system of the recent echinoderms, 
and that as the convoluted plates of the former have the same 
structure and connections as the madreporic sacks and tubes or 
sand canals of the latter, they are, most probably, all the homo- 
logues of each other. 

Among the Cystideans we find several genera, such as Oryp- 
tocrinitesj Atalocystites, Trocfiocystites, and apparently some others, 
whose test is totally destitute of respiratory pores, being com- 
posed of simple, solid plates like those of the ordinary Crinoidea. 
in a second group of genera, among which may be enumerated 
Caryocystites, Echinosphasrites^ Paheocystites and ProtocystiteSj 
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Fig. 1> The upper part of Oaryoeriniu ontaiita, the test being removed m otderlo 
■how the intern*! stmcture of the fourteen hydroepireB that surroimd *» 
summit The parallel lines lepresant the flat tubes. The other figures si- 
hiblt the Diodificatioiis which the hydrospiies undergo in paaaiDg thiougb:— 
3. (.Wiutgr. 3. /Vntrmitei with broail ambulacnk 4. Pntlrcnute witti Bin^ 
lubes'. G. Paiaotoic Ououil with a cnnroluted plate attaclied to tha ceatt* 
of ndtstioa & Sand nnal or madreporic tube oT ■ stufi^ iDdaaing a dooblj 
toovotuted plate. 1. Ambulacral canals of a staiflsh with the doubly oooto 
luted plate of the aand canal attached lo the cempbageal ring. "Dm fuJknring . 
letlcrs hare the siune Teftrence in all the figures in whkh they oi 
arm or ambulacrum : m r, mouth and rent combined m a ai 
mouth, rent and spiracle ; g, atabulacn] groove ; p, «tmu 

CJt, OOOToluttd plaie ; r, fmn^m^aml ring. 
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ie whole of the external integument seems to have been respir- 
toiy, as all, or nearly all, of the plates of which it is composed, 
re more or less occupied by variously arranged, poriferous or 
ibolar structures. The Cystideans of these two groups hold 
16 lowest rank of all those known. In their general structure 
ley are mere sacks of a globular, ovate or, (as in the case of 
Vochocystites) flattened form. Their test consists of an indefi- 
ite number of plates without any radiated arrangement They 
ere also, according to our present knowledge, the firat to make 
leir appearance, two of the genera, Trochocysiites and EocyaUteSy 
iving been discovered in the primordial zone. No other echin- 
ienns have been found in rocks of so ancient a date. 
Next in order may be placed those genera whose test is com- 
^sed of a definite number of plates, which have, to some ex- 
int-, a quinary arrangement Thus, Glyptocystites, Echmoen- 
inites, Apiocystites and several others, have each four series of 
ilycine plates, of which there are four plates in the basal and 
ve in each of the other three series. The respiratory areas or 
ydrospires are reduced in number — ^ten to thirteen m Olypto- 
ystites and three in most of the other genera of the group. 
Neither in the plates nor in the hydrospires is there exhibits 
iny tendency to a radiated arrangement The most ancient ge- 
lus of this family is Glyptocystites, which first appears in the 
3hazv limestone and seems to have become extinct in the Tren- 
ton. The other genera occur in various horizons between the 
Chazy and the Devonian. 

In the genera Hemicosmites and Caryocrtnus the hydrospires 
in the upper part of the test converge toward, but do not reach, 
the central point of the apex, thus forming the commencement 
of that concentration and complete radiation which is exhibited 
in the ambulacral canal system of the higher echinoderms. In 
a former note (this Jour., IT, xlviii, p. 77,) it is pointed out that 
Caryocrinus has thirty hydrospires, — ^ten at the base with their 
longer diagonals vertical, — a zone of six round the middle with 
their diagonals horizontal and a third band of fourteen around 
the upper part of the fossil. These latter are represented in fig. 
1, as if spread out on a plane surface. On consulting this figure 
it will be seen that the flat tubes of the hydrospires, represented 
by the parallel lines, all converge toward the central point from 
yhich the dotted lines radiate. This point is the position of 
he mouth in the recent echinoderms, out in Caryocrinus it is 
ccupied by a large solid imperforate plate. The hydrospires 
re arranged in five groups. Commencing at m t; and going 
)und by 1, 2, &c., there are four in the first group ; one in the 
jcond ; four in the third ; one in the fourth and four in the 
ftL These five groups represent the five ambulacral canals of 
le recent echinoderms. In the specimen from which this dia- 
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gram was constructed there are the bases of fifteen free arms t< 
be seen situated at the outer extremities of the dotted lines 
At the base of each arm there is a small pore, p, which I believ 
to have been exclusively ovarian in its function. The hydro 
spires have no connection whatever with the arms and are, more 
over, all of them entirelv separated from each other. If thei 
they represent the ambulacral system of the recent echinoderms 
it is quite certain that that system was at first, (or in the undevel 
oped stage in which it existed in the Cystidea,) destitute of th 
oesophageal ring. 

In Ooddster a further concentration of the respiratory organs i 
exhibited. There are here only five hydrospires and they ar 
all confined to the circle around the apex. Two of them ar 
incomplete in order to make room for the large mouth and ven 
(m v, ng. 2.) They are each divided into two halves by an arm 
al, a2, &C. They are only connected with the arms to this ex 
tent, that these latter lie back upon them. The arms are pro 
vided with pinnulsD but it is not at all certain that they (the phi 
nulse) were in any direct communication with the hjdrospires 
It is evident that in all the Cystidea^ (and in none is it more ob 
vious than in Caryocrinus\ there was no connection betweei 
the hydrospires and the pinnute. The main diflerence (so fa 
as regards the evidence of the presence or absence of such i 
connection) between Caryocrinus and Cadaster, consists in this 
th^t in the former the arms are erect and do not touch the hy 
drospires, whereas in the latter they are recumbent and lie bacl 
upon them. Each of the arms of Cadaster has a fine ambula 
cral groove and all of the grooves terminate in a single centra 
aperture. But as this aperture was covered over by a thin plate< 
integument, as in the Blastoidea, I have not shown it in th' 
diagram, but only tlie five pores, p. 

No one who compares a Cadaster with a Pentremites (the in 
temal structure of tne latter being visible) can doubt that th< 
hydrospires of the two genera are perfectly homologous organs 
If we grind off the test of a species of the latter genus, selectin| 
one for the purpose which has broad petaloid ambulacra such a 
those of P. Schultzii, the structure exposed will be that represen 
ted in the diagram, fig. 3. In Pentremites as in Cadaster, tne fiv' 
hydrospires are divided into ten equal parts by the five rays 
al, a2, &c. In Cadaster these ten parts remain entirely separat 
from each other, but in Pentremites they are re-united in pairs 
the two in each interradial space, being so connected, at thei 
inner angles, that their internal cavities open out to the exterio 
through a single orifice or spiracle (5, figs. 3 and 4). This i 
best shown in fig. 4, intended to represent the structure of F 
ellepticus (Sowerby) iis described by Mr. Rofe, GeoL Mag., vol 
ii, p. 249. In this species the hydrospires instead of bein{ 
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formed of broad sacks, with a number of folds on one side, con- 
sist of ten simple cylindrical tubes connected together in five 
pairs. The only difference between the structure of fig. 3 and 
tig. 4 is in the width of the tubes and in the absence of folds 
in the latter. These two forms are moreover connected by inter- 
mediate grades. Species with 11, 10, 8, 6, 5, 4 and 2 folds be- 
ing known, there is thus established a gradual transition fi'om 
the broad petaloid form to the single cyhndrical tube. 

Between the Cystidea and the Blastoidea the most important 
changes are, that in the latter the hydrospires become connected 
in pairs, and, also, are brought into direct communication with 
the pinnulae. In the Palaeozoic Crinoidea (or at least in many of 
them) concentration is carried one step further forward, the five 
pairs of hydrospires being here all connected together at the 
centre as m fig. 5. There is as yet no oesophageal ring, (as I 
understand it) but in its place the convoluted plate described in 
the excellent papers of Messrs. Meek and Wortnen This organ, 
according to tne authors, consists of a convoluted plate, resem- 
bling in form the shell of a Bulla or Scaphander. It is situated 
within the body of the Crinoid with its longer axis vertical and 
the upper end just under the centre of the ventral disc. Its 
lower extremity approaches but does not quite touch the bottom 
of the visceral cavity. Its walls are composed of minute poly- 
gonal plates or of an extremely delicate network of anastomos- 
ing fibres. The five ambulacral canals are attached to the upper 
extremity, radiate outward to the walls of the cup and are 
seen to pass through the ambulacral orifices outward into the 
grooves of the arms. (Ante, voL xlviii, p. 31.) 

The ambulacral canals of the Crinoidea are, for the greater 
part, respiratory in their function. They are, however, as most 
naturalists who have studied their structure will admit, truly 
the homologiies of those of the Echinodermata in gcneraL In 
the higher orders of this class the canals are usually more spe- 
cialized than they are in the lower ; being providea with pre- 
hensive or locomotive organs. In all of tne existing orders, 
including the recent Crinoidea, we find an oesophageal ring. 

To this organ, which is only a continuation of the canals, are 
attached the madreporic appendages. These consist of small 
sacks or slender tubes varying greatly in form and number in 
the difierent genera. That of the Starfish Asteracanthion rubens 
is thus described by Prof. E. Forbes. " On the dorsal surface is 
i^n a wart-like striated body placed laterally between two of 
the rays : this is the madreporiform tubercle or nucleus. When 
the animal is cut open, there is seen a curved calcareous col- 
umn running obliquely from the tubercle to the plates sur- 
rounding the mouth ; I)r. Sharpey says it opens by a narrow 
orifice into the circular vessel It is connected by a membrane 
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with one side of the animal, and is itself invested with a pretty 
strong skin, which is covered with vibratile cilia. Its fonn is 
that of a plate rolled in at the margins till they meet It feek 
griTi:y as if full of sand. When we examine it with the micro- 
scope we find it to consist of minute calcareous plates, which 
are united into plates or joints, so that when the invest- 
ing membrane is removed it has the appearance of a jointed 
column. Professor Ehrenberg remarkea the former structure, 
Dr. Sharpey the latter : they are both right Both structures 
may be seen in the column of the common cross-fish." (Forbes, 
British Starfishes, p. 73.) 

In Prof Joh. Miiller's work, "Uber den bau der Echinoder- 
men," several forms of the madreporic appendages of the difterent 
groups of the recent Echinodermata are described. In gen- 
eral they are composed of a soft or moderately hard skin con- 
sisting of a minute tissue of calcareous fibres, or of small poly- 
gonal plates. The walls are also, sometimes, minutely porif- 
erous. In all the Holothurians the madreporic organ is a sact 
attached by one of its ends to the oesophageal canal, the other 
extremity hanging freely down into the perivisceral cavity, not 
connected with the opposite body wall as is the sand canal of 
the starfishes. (Op. cit, p. 84.) In its consisting of a convolu- 
ted plate the maclreporic organ of Actinocrinus^ therefore, agrees 
with that of the starfishes, while in its being only attached at 
one extremity it resembles that of the Holothurians. 

The convoluted plate of the Palaeozoic Crinoids and the mad- 
reporic sacks and tubes (or sand canals) of the recent Echino- 
derms, therefore, all agree in the following respects : — 

1. They have the same general structure. 

2. They are all appendages of the ambulacral system. 

S. They are all attached to the same part of the system, that 
is to say, to the central point from which the canals radiate. 

The above seems to me suflicient to make out at least a good 
prima facie case for the position I have assumed. When among 
the petrified remains of an extinct animal, we find an organ 
whicn has the same general form and structure, as has one that 
occurs in an existing species of the same zoological group, we 
may, with much probability of being correct in our opinion, 
conclude that tlie two are homologous, even although we may 
not be able positively to see how that of the fossil is connected 
with any other part But when, as in this instance, we can ac- 
tually see that it is an appendage of another organ, or system of 
organs rather, which is known to be the homologue of the 
part with which that of the existing species is always correlated, 
we have evidence of a very high onier on which to ground a 
conclusion. By no other mode of reasoning can we prove that 
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the column of an Actinocrinus is the homologue of that of Pen- 
tacrinus caput Medusce, 

In an important paper entitled " Remarks on the Blastoidea, 
with descriptions of New Species" which Meek and Worthen 
have kindly sent me, the authors, in their comments upon my 
views, state that : — 

"In regard to the internal convoluted organ seen in so many of the AcHnocridcB 
belonging to the respiratory instead of the digestive system, we would remark that 
its laige size seems to us a strong objection to such a conclusion. In many instances 
it 80 nearly fills the whole internal cavity that there would appear to be entirely 
inadequate space led for an organ like a digestive sack, outside of it, whUe the 
Tolutiona within would preclude the presence of an independent digestive sack 
there. In addition to this, the entire absence, so far as we can ascertain, of any 
, analogous, internal respiratory organ in the wliole range of the recent Echinoder- 
mate, including the existing Crinoids, would appear to be against the conclusion 
that this is such, unless we adopt the conclusion of Dujardin and Hup^ that the 
Palaozoic Crinoids had no internal digestive organs, and were nourished by absorp- 
tion over the whole surface. We should certainly think it far more probable that 
this spiral organ is the digestive sack, than a part of a respiratory apparatus" 

The objection here advanced does not appear to me to be a 
strong one. In many of the lower animals the digestive organs 
are of inconsiderable size in proportion to the whole bulk. In 
the Brachiopoda, for instance, the spiral ciliated arms fill nearly 
the whole of the internal cavity, the digestive sack being very 
small and occupying only a limited space near the hinge. These 
arms, although not the nomologues of the convoluted plates of 
the Palaeozoic Crinoids, have a strong resemblance to them, and 
are, moreover, at least to some extent, subservient to respiration. 
They are certainly not digestive sacks. In the recent echino- 
denns the intestine is usually a slender tube with one or more 
curves between the mouth and the anus. It fills only a small 
part of the cavity of the body, the remainder being occupied 
mostly by the chylaq^ueous fluid, which is constantly in motion 
and undergoing aeration, through the agency of various organs, 
such as the respiratory tree and branchial cirrhi of the Holo- 
thuridea, the dorsal tuDuli of the Asteridae and the ambulacral 
systems of canals of the class generally. In no division of the 
animal kingdom do the respiratory organs occupy a larger pro- 
portion of th6 whole bulk than tncy do in the Echinodermata. 
The great size which the convoluted plate attains in some of 
the Urinoids is, therefore, rather more in favor of its being a 
respiratory than a digestive organ. 

Professor Wyville Thomson says that inside of the cavity of 
the stomach of the recent Crinoid, A ntedon rosaceus^ there is a 
spiral series of glandular folds which he supposes to be a ru- 
dimentary liver. (Phil. Trans. E. S., 1865, p. 525). It is barely 
possible that the convoluted plate may represent this organ. 
At present I think it does not 
I believe that the reason why the convoluted plate attained 
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a greater proportional size in the Palaeozoic Crinoids^ than do 
the sand canals of the recent echinoderms, is that the function 
of the system of canals (of which they are all appendages,) was 
at first mostly respiratory, whereas in the greater number of 
the existing groups, it is more or less prehensive or locomotive, 
or both. 

[To bo continued.] 



Art. Vni. — Upon a new Spectroscope^ with Contributions to the 
Spectral Analysis of the Stars; by Dr. J. C. F. ZdLLNER.* 

4 

Stellar spectrum analysis, in addition to its revelations 
concerning the physical constitution of the heavenly bodies, 
has begun most recently to claim attention in an increasing 
degree in another no less interesting direction. With the aid 
of this method the prospect is presented of proving, and under 
favorable circumstances also of measuring, what influence is 
exerted on the lines of the spectrum of a star by the compo- 
nents of the relative motion of the earth and star along the 
line uniting the two bodias. 

A single consideration shows that effects which two separated 
bodies exert upon one another by means of a periodical impulse 
of a limited rapidity of propagation must be modified by a 
continual change of the distance separating them. It is Dop- 
pler's merit to have first, in the year 1841, recognized the 
necessity of this influence,t although the conclusions which he 
derived from it with respect to the color of the stars must be 
acknowledged as incorrect by reason of a disregard of the invis- 
ible parts of the spectrum. 

W ith reference to sound this influence was proved to be con- 
formable to the demands of theory by numerous experiments 
of Ballot, Mach and others. 

On the contrary with reference to light it has not been ix)s- 
sible hitherto to establish by observation a trustworthy value 
(sicher nachweisbare Grosser) of this influence, because even the 
cosmical movements, which are the greatest at our disposal for 
this object, are very small in comparison with the rapidity of 
the propagation of light. 

The great improvement however, which optical instruments 
for the observ tion of spectra have experienced since the dis- 

* From the Proceeding's of the Royal Society of Sciences of Saxony at 
Leipzig, Session of Feb. 6, 1 869. Translated by A. N. Skinner, assistant at the 
Dearborn Observatory, Chicago, Illinois. 

f Doppler, " On the colored light of double stars and of some other stars of the 
heavens." Transactions of the Bohemian Society of Sciences, vol ii, (1841-42) p 
465--482. 
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covery of spectrum analysis, presents the prospect of demon- 
strating this influence by the spectra of the stars. According 
to theory this influence must show itself in a small displace- 
ment of the lines of the spectrum. For example, for a mean 
velocity of the earth of four German miles per second, this 
displacement would amount to the tenth part of the distance 
separating the two sodium lines. This value which is obtained 
in a very simple way from the velocity of light and the undu- 
lation-time of the rays corresponding to the 'sodium lines, has 
only quite lately been derived again by J. C. Maxwell, in agree- 
ment with earlier computations by F. Eisenlohr* and others. 

The amount to be observed of the displacement appeared, 
however, to Maxwell to be so small, that he closed his conside- 
rations concerning this (having reference to the spectroscope 
hitherto constructed and the method of determining the posi- 
tion of the lines), with the remark: "It cannot be determmed 
by spectroscopic observations with our present instruments, 
and need not be considered in the discussion of our observa- 
tions, "f. 

Huggins nevertheless in his most recent memoir,^ of which 

the above mentioned investigations of Maxwell are an inte- 
gral part, attempted the solution of the problem in question 
by the use of a spectroscope with no less than five prisms, 
of which two are Amici's, with two flint and three crown-glass 
prisms. 

The diminution of the light caused by so great a number of 
prisms permits, however, the observation of only the brightest 
stars. Huggins indeed even confined himself to the communi- 
cation of his results from observations on Sirius, and he believed 
here that he found a small displacement of the line F in com- 
parison with the bright hydrogen line produced by a Geissler's 
tube. The direction and amount of the displacement would 
indicate an increase in the distance between the earth and Sirius, 
and this with a velocity of 41*1 English miles per second. 

If we eliminate the component of the earth^s movement, which 
at the time of observation amounted to 12 English miles, the 
resulting velocity with which the sun and Sirius are moving from 
one another would be 294 English miles, or about 6*5 German 
miles. 

Huggins himself regards this result as one affected by great 
)robable error, an error caused partly by the great weakening 
►f the light, already mentioned, from numerous prisms, and 
•artly by the dilQBculty of comparing the coincidences of the 
riffht lines from terrestrial sources of light with the analogous 
ark lines of stellar spectra. The latter have sometimes a dif- 

* Heidelberg Transactions of the Phya. Med. Soc., vol. iii, p. 190. 
t PhiL Trans., 1868, p. 532. J Ibid., p. 635. 
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fercDt apjiearance; for example, they are blurred on the ed 
and of (liffcrent breadth, as is precisely the case with the line 
in the spectrum of Sinus. 

The most essential of these difficulties, which have hithe 
opf)08e<l a definite solution of the problem in question, I belie 
tnat I have successfully overcome, by a new construction of t 
spoctrosc^jpe, the first example of which I have the honor 
exhibit here to the Royal Society. 

The arrangement is in essentials the following. The line 
light produced by a slit, or a cylindrical lens, lies in the focus 
a lens which as in all spectroscopes renders parallel the rays to 
dispersed. Then the rays pass through two Amici's direct-^ 
ion prism-systems of excellent quality, which I obtained in 
the optical establishment of Merz in Munich. 

These are fastened to one another in such a manner tl 
though each passes one half of the pencil of rays proceed] 
from the collimator object-glass, and also so that the relracti 
angles lie on opposite sides. In this way the collected pen 
of rays will be dispersed in the two spectra in an opposite 
rection. The object-glass of the observing telescope, whi 
unites the rays again to an image, is perpendicular to the 
fracting angles ol the prisms placed horizontally, and as in 1 
holiometer, is divided ; each of the two halves can be mo^ 
micrometrically both parallel to the line of section and perp 
dicular to it By means of this we can bring the lines of c 
spectrum into coincidence with those of the otner, and also pL 
tne spectra in immediate juxtaposition instead of superposi 
them, so that one spectrum moves by the other like a vemi 
or we can supei^wse them onlv partially. By means of t 
oonstruction not only is the delicate principle of double-ima| 
nnicloriHl available lor the determination of any change wl 
over in the position of the lines of the spectrum, but any s\ 
change is aha doubled, since its influence appears in the two sp 
tni in an opposite sense. 

The principal of the reversion of spectra which lies at 
fountlation ot the instrument described, on account of whic 
vontun^ to propose for it the name '* Reversion Specti 
saiPK," can bo introduced without using Amici's systems 
prisms. It is only neodiHl to reverse one part of the pencil 
ra\*s pnxHHxling fn^m a common prism by reflection on a mil 
or pnsm, and then to oK^er\'e the united pencil of rays exac 
as alx^ve witli a teU\iitMix* furnished with a divided object-gL 
Furthennon\ this principle renders the simultaneous introd 
tion of artificial s^Miroes of light for the investigation of sn 
changes of refrangihility whollv unnecessary, and permits 
jx^nvptii>n and mo;isuremont ot these changes, by means of 
change's in jx>sition of objects completely similar in kind. 
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The series of measurements which was carried out both on 
the dark D line of the solar spectrum, and also on the bright 
sodium lines of a candle flame impregnated with common salt, 
(and these I venture to Add here to show the working power 
of the instrument), authorizes the hope," that with the aid 
of this spectroscope we shall succeed not only in perceiving 
the influence of the earth's movement, but also in determining 
it quantitatively with such accuracy as appears desirable for an 
approximate (vorlaiifig) control of theoretical conclusions. 

The numbers cited aenote the parts of the micrometer-screw, 
and refer to the distance between the two sodium lines : 



Sodiinn flama 


Sun. 


49-6 


49-5 


60-6 


ol'5 


53 


48-1 


49*5 


48-9 


60-6db0-6 


49-6d=0-6 



In the following series of observations the reversion spectro- 
scope was famished, not only with another micrometer-screw 
witn a somewhat coarser thread, but also with two other systems 
of prisms whose dispersion in the region of the sodium line is 
177 times greater than that of the systems used for the above 
measurements. Likewise the old achromatic object-glasses of the 
collimator and the observing telescope were replaced by un- 
achromatic ones, by which not only nothing was lost in sharpness 
of the images, but, as was designed, an advantage was gained 
in clearness and distinctness by increasing the intensity of light 

Sun. 

Screw divifiiona Deviation fVom mean. 
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69-4 +1-5 
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66-6 


-1-3 


66-1 


-1-8 


68-2 


-0-3 


68-0 


-0-1 


69-6 


-1-7 



Mean 6 7 -9^0 -3 

According to this, the interval between the two D lines was 
accurately cfetermined, with a probable error of ^iy of its value. 
But in accordance with facts previously presented, a change of 
the distance separating the source of light and the spectroscope, 
with a velocity of four German miles per second, will effect a 
corresponding displacement of the lines of the two spectra, to 
the amount of \ of the interval of the D lines, a quantity which 
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is also about forty times greater than the probable error four 
above for the mean of nine readings. 

If, therefore, in the observation of stellar spectra, a sufficiei 
amount of light can be used, it can be definitely detormined i 
the way stated, whether the expected displacement of the lin< 
of the spectrum occurs or not In reference to the intensity < 
light required, I venture to remark, that, for these observation 
an unacnromatic lens* of one Paris foot in aperture and six fe 
focal length is at our disposal ; its cone of rays one inch froi 
the focus is acted upon by a suitable concave meniscus of flin 
glass, and, freed thus as much as possible from spherical an 
chromatic aberration, is directed to the slit of the spectroscop 
I feel that I should here especially point out the fact, that, i 
the use of a slit, the achromatism oi the optical image, for tl 
observation of its spectrum, (especially of individual parts < 
it), is unessential, and consequentlv the construction indicate 
here must claim the important preference of great cheapness i 
comparison with those with achromatics of strong light Ev 
dently this advantage must be given up in those cases, wher 
as in double stars, the desideratum is the sharpest possible se] 
aration of the objects under investigation. 

I may be permitted perhaps to make some remarks upo 
problems and methods which refer to spectrum observations o 
the sun and with which I am at present employed. 

The sun possesses a velocity of rotation, by virtue of whic 
a point on its equator moves with a velocitv of about 0*25 Gre: 
man mila If, tlierefore, with the aid of a neliometer, or in an 
other way, we produce a double image of the sun, and by 
suitable arrangement bring into contact two points of the equi 
torial limb, then at the point of contact, parts of the sim's sui 
face border upon one another, one of which approaches us wit 
a velocity of the given amount, and the other recedes from u 
with the same velocity. From this arises a difference of velc 
city of the parts in contact, in the direction of the line of sigh 
of about half a German mile. According to previous stat^ 
ments such an amount of movement would cause a change c 
position of the sodium lines corresponding to the 80th part c 
the interval between them. Therefore if by combination of 
sufficient number of prisms, we succeed in perceiving such 
quantity, so as to measure it, we need only to bring the middl( 
of the slit into the line joining the two centers of the images o 
the sun which are tangent to each other in order to see the 
two spectra of the sun's limbs which are thus in contact, close 
together in the field of view, and then, under the most favora- 
ble relations, to observe the displacement in question. In this 
way then the position of the solar equator, and, in case of the 

* Made in the optical establishment of H. Schroeder in Hamburg. 
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practicability of measurements, the velocity of rotation in vari- 
ous heliographic latitudes would be determined, which would 
be of the greatest interest with reference to the opinions pro- 
nounced most recently on this point 

But even without regard to a quantitave determination of the 
phenomenon in question, by means of a proof of it only quali- 
tative, even a simple means would be found of separating all 
ike lines which arise from absorption in the earth's atmosphere^ 
from those which owe tJieir origin to the solar atmosphere^ since the 
displacement in question could evidently extend only to the 
latter. 

Another subject for the investigation of spectrum analysis 
is the protuberances. As is well known, Lockyer and Janssen 
were tne first who succeeded, independently of a total eclipse 
of the sun, in observing the spectra of these forms, which con- 
sist of three bright lines. 

At the present time it is the object of most earnest en- 
deavor to discover any methods which permit not only the ob- 
servation of these lines but also simultaneously of the entire 
shape of the protuberanca 

The length of the bright lines corresponds to the magnitude 
of the dimension of the protuberance concerned, which occurs 
in the direction of the slit Consequently if we bring the slit 
successively into different positions so that it cuts the protuber- 
ance in as many directions, then we are able to construct the 
form of the image observed, as Lockyer has already done. 
Thereupon Janssen has proposed the construction of a rotating 
spectroscope, in order thus with a sufficient rapidity of rotation 
to survey rapidly the form of the whole protuberance during 
the continuance of the impression of light. 

Leaving out of consideration the mechanical difficulties of 
such a rotating spectroscope in which one of the bright pro- 
tuberance lines must lie accurately in the axis of rotation, the 
design in view can be accomplished in a simpler and more com- 
plete manner by an oscillation of the slit perpendicular to its 
direction, tn this way the protuberance could be observed in 
three differently colored images corresponding to the three dif- 
ferent lines of its spectrum. 

In this method, with a movable slit, the changes of brightness, 
through which the protuberance passes from its base, will how- 
ever be considerably weakened, in proportion to the length of 
the path passed over by the slit ; in the rotating spectroscope 
especially, the brightness of the protuberance itself would be 
weakened from the center of rotation out to the edge, and con- 
sequently the observation of the natural relations of the bright- 
ness of the image would be frustrated. 
For this reason I have in view the introduction of another 
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very simple method for the attaimnent of the object in question, 
of the practicability of which I am already convincea by ex- 
periments on terrestrial sources of light, to be described more 
in detail below. The principles on which this method depends 
are the following : 

1. The apparent brightness (glanz, claritas visa)* of a strip 
of a protuberance is independent of the aperture of the slit un- 
der the hj'pothesis that it continues to have a perceptible 
breadth on tne retina. 

2. The brightness of the superposed spectrum increases propor- 
tionally to the width of the slit 

3. With an oscillating or rotating slit, the brightness of the 
superposed spectrum remains unchanged, while that of the image 
of the protuberance arising from the permanence of the impres- 
sions of light, diminishes on the other hand in accordance with 
a law depending on the number and duration of the excita- 
tions of the point of the retina concerned, which occur in a unit 
of time, and also upon the refrangibility of the strip of the 
protuberance observed. 

If, for simplicity's sake, we suppose that the entire surface, 
over which the slit moves in its rotation or oscillation, is filled 
up by the protuberance, and if we suppose also that the inten- 
sity of the image arising, is inversely proportional to that sur- 
face, (corresponding to a uniform extension, over the surface, of 
the light passing through the slit), then under the assumption 
of the above three propositions, the relation of intensity between 
back-ground and protuberance, would remain the same; and 
we may 

First, reduce the brightness of the image of the protube- 
rance by an oscillation of the slit, and by this leave unchanged 
the brightness of the superposed spectrum (by 2) ; or we may 

Secondly, open the slit unmoved so far that its aperture 
extends at once over the space, which in the first case the 
osciUation extended over. In this (by 1) the apparent bright- 
ness of the protuberance remains unchanged, but that of the 
back-ground is increased in the same ratio that it was previously 
weakened. Consequently under the suppositions made, the de- 
signed object would be accomplished much more simply in the 
second way, if, because of its blinding, care is continually ex- 
ercised that the intense light of the real body of the sun 
should not penetrate the slit 

The slit need be opened only just so far that the protuberance 
or a part of it may appear in the opening. A suitable weaken- 
ing of the entire field of view must be provided for, by means 
of polarizing or absorbing media, which are to be placed before 
the eye-piece, in order that the relative intensity between tiie 

* Lambert, Photometria, etc. g§ 36 and 37. 
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irotuberance and the superposed spectrum may be permitted to 
rtand out as strongly as possible to the perception. 

Led by these conclusions, I have sought, with the aid of ter- 
restrial sources of light, to realize the conditions under which 
the protuberances are visible, in order, in this way, to test both 
metnods and to convince myself of their practicability. For 
the better comprehension of the described experiments, let the 
following remarks first be premised. 

The reason why the protuberances are invisible under ordi- 
nary circumstances, by screening off the intense image of the 
sun to the edge, lies in the strongly illuminated part of our 
atmosphere covering the image of the protuberance. In a total 
eclipse of the sun this superposed light is weakened to such an 
extent, that then the intensely illuminated protuberances raise 
themselves from the illuminated parts of the corona. 

We can make an approximate estimate of the amount of the 
reduction of the diffused light of our atmosphere required for 
this, if we assume the mean illumination of the atmosphere in 
a total eclipse equal to that of a mean full moon. According 
to my photometric measurements* this illumination is 618000 
times weaker than that produced by the sun ; consequently then 
the selective absorption of colored media must stand in a simi- 
lar relation in reference to the homogeneous light of protube- 
rances, if we wish to make the protuberances visible in this way 
without dispersion as is generally sought at the present time. 

On the contrary the possibihty of accomplishing this end, 
with the aid of the prism by ,the dispersion of the superposed 
atmospheric light, depends essentially upon the circumstance, 
that this light is composed of rays of all degrees of refrangi- 
bility, while that of the protuberances, however, is composed of 
only three homogeneous assemblages of rays. 

The superposition of an unhomogeneous mass of light upon 
a body shining with homogeneous light and limited by sharp 
bounaaries, I have accomplished artificially, in the follow- 
m way. The wick of an alcohol flame was impregnated with 
duorid of sodium and chlorid of lithium. At a distance of 18 
feet before this flame, a piece of plate glass was so set, at an 
angle of 45*^ to the direction of the observation, that the reflected 
image of a petroleum flame at one side covered the faintly shin- 
ing alcohol flame, and, by reason of its much greater intensity, 
rendered it completely invisibla About one foot before the 
reflecting plate of glass, was situated a small lens of six inches 
focus, wnich directed a small image of the alcohol flame to the 
slit of the spectroscopy The latter was fastened to the end of 
a spring ten inches long, by means of which it could be put in 
oscillation of sufficient magnitude for about five minutes by 

* Photometrische Untersuchungen, etc., p. 105, fol., Leipsic, 1865. 
Am. Jour. 8ol— Sbcomd Skribs, Vol. XLIX, No. 145.— Jan., 1870. 
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first removing it fix)m its place of equilibrium and then releas- 
ing it Next then, the aperture of the slit was so far decreased, 
that, with the slit at rest, the double line D and, proportionally 
faint, the lithium line also appeared sharply defined in the field 

As soon as the slit was put in oscillation, these lines trans- 
formed themselves into sharp images of the alcohol flame, of 
which the two sodium images covered about half The appa- 
rent brightness of these three images was much less than that 
of the bright lines, and in consequence of this also their relief 
fix)m the diffusely illuminated spectrum ground was in the same 
ratio less distinct than that of the lines with the slit in a state 
of rest 

When now I made use of the second of the above proposed 
methods, and opened the unmoved slit so far that the little 
image of the alcohol flame was only just contained by the ^ec^ 
angular aperture of the slit, I was surprised by a &• greater 
delicacy and distinctness, with which the image of the flame 
relieved itself from the diffusely illuminated spectrum ground 
Consequently the above reduction of the apparent bnlliancy 
of the protuberance with an oscillating slit, assumed in the 
theoretical discussion to be in accordance with a simple law, 
appeared quite strongly to incline our favor to the method last 
employed 

I remark here that for this experiment only one of the above 
mentioned new prisms was employed But it is evident that 
with an additional dispersion, the diminution of the superposed 
unhomogeneous light can be increased at pleasure. 

As may be seen, no difficulty in principle stands in the way 
of the application of this method to the protuberances of the 
sun.* ftactical success, however, is dependent essentially on 
this, whether a sufficiently strong dispersion of light can be 
obtained for the actual relation of intensity between the homo- 
geneous light of the protuberances and of the superposed light of 
the atmosphere. If, however, we are authorized to conclude 
upon a very considerable relative brilliancy of the protube- 
rances, fix)m the intensity and distinctness with which their lines, 
especially the middle one, appear, — of which I am convinced 
by an actual inspection on tne 24th of December of the past 
year at the observatory at Berlin, — ^then the means at my com- 
mand at present consisting of four excellent systems of prisms 
must indeed be sufficient to solve satisfactorily in the way here 
proposed the problem of the visibility of the protuberances. 

Supplement 

According to a communication by letter, lately received fix)m 
Dr. Schallen at Cologne, Mr. Lockyer also has succeeded in 

* On aooount of an incomplete arrangement of the instroment demanded I han 
tin now been obUged to refirain from an actual trial of this method on the son. 
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•bserving the solar protuberances in their whole extent, accord- 
ng to the method developed by me in the above communication. 
Jy this communication, Mr. Lockyer has employed a spectroscope 
sath seven prisms, and has communicated his results in a report 
held in the Royal Institution, which ought to appear in print 
June 15th. Smce I have neither received this report iip to the 
present time, nor even learned any details concerning Mr. Lock- 
yer's results, it may be permitted me here to communicate the 
following in r^ard to the procedure employed by ma 

The spectroscope, which has been made according to my 
designs in the optical establishment of Mr. Fauber in Leipsic, 
possesses one excellent direct vision prism by Merz. The spec- 
troscope was fastened in a suitable way to the six feet refractor 
of this observatory. The height of the slit amounted to 6' 20" 
of arc, and the aperture varied with the height and magnitude 
of the protuberance observed. And here let it be remarked 
that it is most advantageous in observing to bring the length of 
the slit tangent to the sun's limb. By this plan on the one hand 
a greater s^ment of the sun's limb is surveyed at one view, and! 
on the other the advantage is gained of determining with great 
accuracy the position angle of the protuberance, since \h» 
entrance of the sun's disc makes itself immediately noticeable: 
by a flashing out of a narrow band-formed spectrum in the 
middle of the field of view. This point of the first flashing^ 
out can be easily brought to the place of the protuberance in. 
question by revolving the spectroscope about its longitudinial 
axis, and in this case, as is readily perceived, the slit is tangent 
to the point of the sun's limb occupied by the protuberance^ 
The actual place of the spectroscope can be read oft on a divided 
circle, and this gives the position angle of the protuberance. 

In order to bring individual points of the sun's limb conven- 
iently before the sut of the spectroscope, two different methods 
can be employed. By one method the object-glass of the 
refractor is so fastened m a ring that its optical axis is inclined 
about 15' to the longitudinal axis of the telescope. If this ring 
is revolved by the help of a screw on the telescope to be worked 
by the observer, the optical axis of the object-glass describes 
a cone of about 30' opening, so that successively different parts 
of the limb come in focus before the middle of the slit Of 
course the position of the slit must be varied in a corresponding 
way by a revolution of the spectroscope. 

6y the other method, which affords the advantage of an 
unchanged position of the slit, the rays before their union into 
an image are sent through a reversion-prism, so called. If this 
is rotated about the axis of the instrument, the image of the sun 
ilso revolves about its center and permits successively different 
joints of the limb to fall on the slit The angle of position is 
letermined by the position of the reversion-prism. 
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The size of the sun's image in the refractor, or, in other words, 
the focal length of the object-class employed, plays an impor- 
tant part in the whole method. It follows immediately from 
the tneory of the method developed above, that with the same 
spectroscope the contrast between protuberance and back-ground 
is dependent only upon the width of the slit Since, then, with 
a constant width of slit, the smaller the sun's image, so much a 
ffreater part of the protuberance is surveyed at once, it follows 
Siat we must not seek to accomplish the amplification of the 
protuberance by the sun's image, that is, with a long focus of the 
object-glass of the refractor, but as much as possible by the lens 
apparatus of the spectroscope. This can be easily accomplished 
by using a collimator with a relatively short focus to that of 
the objec^glass of the refractor. Suppose, for example, we have 
a refractor often feet focus with a spectroscope attached, in which 
the focal length of both object-glasses are equally large. K now 
with this it is required to open the slit to the breadth of one 
millimeter in order to take m at one view a protuberance of a 
certain size, with an image of the sun yV smaller, this aperture 
could be reduced to yV of a millimeter, through which not only 
can the protuberance be seen in its whole extent, but also witn 
a ten times greater contrast with the spectrum back-ground. 
In order now to obtain again the amplification of the protuber« 
ance in the field of view^ which was lost by the diminution of the 
sun's image, the focus of the collimator need only be made ten 
times shorter than that of the spectroscope. To continue with 
the example proposed, a ten times better effect would be obtained, 
giving the same optical amplification of the protuberance with Oa 
same prism systems, if ^here is chosen in place of the ten feet 
refractor a telescope of only one foot focus, and for the focal 
distance of the collimator about two inches, and that of the 
observing telescope about twenty inches. The quality of the 
images in this is influenced very little, as far as affected by the 
lens system, since the defect of chromatic aberration does not 
enter at all on account of the homogeneity of the light of the 

f)rotuberances; consequently, properly selected unachromatic 
enses can be used for such combinations without any hesitation, 
as I have convinced myself by numerous trials. The extraor- 
dinary compactness A'hich stich instruments for the observation 
of the solar protuberances possess, permits a very delicate clock 
movement, and presents the prospect of realizing in this simple 
way the idea expressed already in my former communication, 
namely, an artificial total eclipse of the sun, of an arbitraiy 
length, for the observation in the future of all the protube- 
rances present on the sun's limb at the same time. 

Leipsic^ August 26, 1869. 
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Abt. IX. — Polarity and Polycephalism, an essay on Individu* 
. ality; by H. James Clark, A.B., B.S., Pro£ Nat. Hist 
Kentuc% University ; Lexington, Ky * 

We have already, in a general workf upon the development^ 
morphology and classification of animals, entered our protest 
against that theory of individuality which assumes that the 
medusoid genitalia of Hydromedusa) should be considered as 
individuals in a higher sense than the hydrse are, no matter to 
how low a degree of development they aescend nor at how high 
an elevation they arrive in the complicity and differentiation 
of their parts. We still adhere to that protest as far as the 
hydr» and medusoids are related to each other ; but look upon 
them both in a modified light in reference to their individuality. 
We suppose it will not be questioned that, in the main, 
naturalists and physiologists have always defined in their own 
minds, and in their teachings, the zoological individual to be a 
monocephalic being ; that they have taken as their standard the 
most mghlv developed creatures of the animal kingdom, whose 
mmess ana independence place them on an equal footing with 
man in these respects. In the discussion of late years upon the 
individuality of the lower, compound, colonial denizens of the 
water, the main points at issue have always been to determine 
whether a certain form was, on one hand, an individual^ either 
m its highest sense (a monomeric, independent integral) or one 
of several interdependent individuals which constitute a colony 
(a polymeric integer), or, on the other hand, was an organ, whicn 
lomiea only a part of an individual, whether the latter be 
monomerous (as in Hybocodon and Corymorpha producing free 
medusae), or polymerous (as in Coryne with free medusae). 

The possibility of a third category of individuality had not 
arisen in the minds of philosophic naturalists until the question 
of the bilaterality of the two lower grand divisions of tlie 
animal kingdom had been discussed so vigorously, and elevated 
to such a prominence among the theories of the day as to 
extend its influence even to the determination of the oneness 
or duality of the members of the highest of all grand divisions, 
and indeed the highest of all animals, man himself Here at 
this point we find breaking in upon us the Teratological essays 
of St Hilaire, and the more recent decisions of Wyman upon 
the same subject, with the strange confirmations of Lereboullet, 
by his discoveries of the fissigemmation of the piscine egg, and 

* This is an extract from a forthooming memoir on the anatomy and phjsiologj 
>f Luoernariffi. 

f Mind in Nature, or the Origin of Life and the Mode of Development of 
inimala New York, D. Appleton & Co. 1865. 
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the evolution of two heads or two tails from one center of 
development, — the dtialistic tendency of the highest vertebrate 
emphasized hj the presentation of the living, tangible realitv.* 

Such possibilities among the vertebrata staring us in the Mce 
could not but send the thoughts flashing back among the 
inferior, less determined, less differentiated organizations ; and 
the mind's eye needed not to dwell lonff among the many-headed 
Polypi and fiydromedusae, the Crinoidae, Bryozoa, Ascidiadc, 
Pyrosomidaj, Salpse, &c., before discovering a multitude of more 
tlian shadowy tendencies; it became fixed upon numerous 
sharply and clearly established, unmistakable dualities and 
pluralities ; all arising from one common center, the ovum. Had 
we not the problem of plural individuality solved here,— « 
polycephalism — ? the diffuse vitality of the animal-egg of the 
lowest ranks of life outspoken in the indetermined numoer and 
localization of the subdivisions of the Polyp or Hydromedusa 
copporation ; and even the organization itself undecided as to 
whether it should exemplify its oneness in a simple unit of form, 
as in the meudoindividuum of Brj^ozoa, Ascidiae, or resolve its 
offices ana configuration into the rejDetitive, multiplied sameness 
of the sexless and sexual j7ro?es of Salpa*, Taeniae, AnnelidsB and 
Hydromedusae, or the excessive reiterations of the genitalia of 
Polypi. 

The old type of monomerism, the vertebrate individual par 
excellence^ has then become the modem, more than transcendental 
duality. The orijjinals of multitudes of figures in St Hilaire's 
•Teratologic,' of the memoir of Lereboullet, and of the condensed 
aphoristic sketches of Wyman stand forth the real, material 
embodiments of the idea upon which all sentient life is founded. 
Bilaterality does not express the thought, it embraces too little; 
it is to be chussed with antero-pasteriority and dorso-ventrality, 
to signify the subdmninant features of the animal architecture; 
features which evolve themselves as the concomitant resultants 
of the development of the primitive dominant which origimillj 
gave shape to bipolar ovuni. The embryologist, and to his 
thoughts the subject is most germane, reflecting upon the physical 
aspects of the fonniug q^^^ would naturally arrange its features 
in two antagonistic fields ; and thereupon attempting to define 
their position in regard to the contour of the concrete sphere, 
almost inevitably would give utterance to the word pokLrity. 
This is the dominant, main idea of sentient life. 

It is polarity which is evinced when the self-dispersing, 
self-repellant potentiality of the animal-egg lays down the right 
and lefl of tne germ on opposing sides of a line; when the 
cephalic and caudal areas gi'ow in opposite directions from fit 
common point of emanation ; or when the animal and vegetative 

* See remarks of the author on this subject in '' Mind in Nature," ut Sup., p. ft^ 
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>Tindations project themselves into diametrically diverse, dorsal 
nd ventral spaces. Each and all of these phenomena have a 
ommon point to rest upon ; and they proclaim, by their mode 
f operation, the controlling influence of a power which, fixing 
tseli upon that point, as it were, radiates itself through the 
?hole organism, and disposes its several features in such a way 
hat thej all display, either in mode of evolution or by a direct 
^nnection, a polar tendency ; a growing out of one pole and a 
lispersion toward the opposite one ; features most developed and 
lecided in configuration next the point of departure, and least 
ieveloped and most diffuse and mdeterminate in the opposite 
urea ; the latter always through life standing in the same relation 
to the former as supply does to demand, as nutrition does to the 
power which regulates the absorption of the nutriment 

But bilaterality carries with it something more than the sheer 
iextral and sinistral opposition of the lateral halves of the 
body ; it is not merely the bipartition of a unit of form ; for 
the distal as well as tne proximal edges of these halves, — the 
free borders and the margins of contact — are mutually inter- 
changeable ; the former may take the place of the latter, and 
fet leave the apparent bipartite unit undisturbed in internal 
relations. 

Antero'posteriority exhibits the same interchangeability as 
bilaterality, but, altnough plainly enough, not so conspicuously 
in a comparative, homological sense as in the physiological 
interplay of the functions, such as we see in the relations oi the 
dlantois to respiration in the embryo, or in the ratio of excretion 
of the renal organs dependent upon the degree of activity of 
the respiratory and perspiratory functions ; or in the relation of 
the reproductive organs to the vocal and respiratory, when the 
former are in an abnormal condition, or when they change from 
one period of life to another, from youth to adolescence ; and 
in many other interdependent relations familiar to the mor- 
phologist of the present day. 

Bilaterality, antero-posteriority, and dorso-ventrality, the three 
principal svbdominants of polarity^ have a very methodical dis- 
position, and are quite pronounced and sharply defined among 
the higher groups of animals, — the more seemingly units of 
organization, — but if we go to the opposite extreme of grade 
we shall find, among the lower classes of life, that the polaric 
element (like the differentiation of organization, and tnat of 
fanction) is in an almost elementary condition, expressing itself 
vaffuely in the scattered heads of a brancli of Coryne, or Tu- 
bularia, or ClavelKna ; or a little more determinately in the 
distichous arrangement of the hydra heads of Dynamena and 
Sertularia, or in the singularly stellate disposition of the zooids 
of Botryllus, with their common cloacal orifice. 
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When, however, polymerism, in ita usually accepted sense, 
fails, as it does step by step in the gradually rising degrees of 
rank, polarity gains the ascendency in point of regulanty and 
the closer intimacy and symmetrical arrangement of the com- 
ponents of the organization which it holds sway over. Thus 
it is that two, or more, scattered, consimilar parts, or complete 
organizations majr combine to form a seeming (me, an apprent, 
bipartite or multipartite unit The multiple repetition of heads 
among the lower polymeric kinds is her* reduced to a dual 
repetition, and the parts condensed into one form an approxi- 
mative unit, a zoological tndtviduum, as the highest expression 
of unity attainable bv the vertebrate zoon. 

The duality, nay the plurality of the subdivision of the ver- 
tebrate axis, as illustrated by the embryo fishes of Lereboullet, 
is recalled in the diflFuseness of the many hydrse of the den- 
dritic CampanularifiB, or disguises itself under the interminable 
heteromorphism of the Siphonophorw ; it is polymerous but 
dimorphous in Salpa, or polymerous but monomorphous in the 
fresh water Polyzoa ; temporarily a poljrmerous, monomorphic 
individuum in the fissigemmating Hydra, it eventually resolves 
itself into disconnected. I)5«^rfo-^Wlv^io?^^a; for a time polymer- 
ous but dimorphic in the annelidan Myrianida of Mihie-Ed- 
wards it finally assumes the appearance of a true, self-contained 
individuum in each one of the separate, independently moving 
sexual segments^ and in the original budding-stock (the direct 
legitimate ofispring of the egg) from which they shot fortL 

The thorough historian of the multifarious, so-called alternate, 
generations oi the Acaleph89 will see nothing but a generative 
organ in the spermatic and ovaiian sacs of Hydra ; and detect 
nothing more in the grape-like clusters about the base of the 
head of Clava, or in the grouped moniliform projections behind 
the corona of tentacles of Eudendrium. The polymerism of these 
organs of Eudendrium is merely, and nothing more than a re- 
petition of the simple sac of Cflava ; the diversity in form is 
only apparent But one step higher in complicity and our ob- 
server will find in the tentaculiferous terminations of the repro- 
ductive sacs of Thamnocnidia and Parypha a premonition of a 
forthcoming cephalic independence, such as is already fully 
exemplified in the many hydras of the polymeric, dendritic 
mass. A similar progression toward cephalic freedom will also 
be seen in the simplest generative sacs of Laomedea amphora, 
and L. flexuosa, &c., and rising through successive degrees of 
complicity to those of Gonothyrea (Laomedea) Lovenii AU^ 
which not only are tipped with tentaculate processes as in Paiy- 
pha and Thamnocnidia, but have developed within them a 
series of longitudinal tubes, like those in the homologous organ 
of Tubularia indivisa. 
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Gradually and methodically the progressive steps of com- 
plication lead on, with a more and more marked separation of 
the genitalia from a direct relation to the general mass, or even 
to the hydr» in particular, whilst a consentaneous development 
gathers around them and brings them into immediate alliance 
with an envelope whose morph is only a slightly varied repeti- 
tion of that of the hydra, but whose greater degree of com- 
plicity ffives it a better claim to be ranked as the highest 
among the cephalic subditnsio7i8 of the body. But the full aim 
of the train of development is not divulged here ; its results 
only exemplify a part of it in the predominance of the repro- 
ductive function and a diflFerentiation of the nutritive cavity 
into distinct channels of circidation, and the subordination of 
a definite region of its periphery to a tentacular, prehensile 
office. 

Step by step, however, all the elements of a complete organ- 
ism are successively absorbed out of the primitive hydra-mass, 
and remodelled into the fashion of a meausoid ; the reproduc- 
tive character has become a less obtrusive feature ; motion at- 
tracts attention above all others ; prehension has fiill sway in 
the highly developed tentacles ; and the latter point, like fin- 
gers, to the self-sustaining power of the acalephan morph in the 
complete organization of the longitudinal and circular chymife- 
iDus channels, opening into the receptive cavity of a highly flexi- 
ble, proboscidal manvhrium. The preliminary processes of fissi- 
gemmation are complete ; the primary genesis of the ovurrij in 
tfe mtegrity^ is finished ; the primitive stock has become differ- 
entiated into two widely diverse varieties of one morph, the 
lydraid cephalism and the medusoid cephalism. Such is the con- 
dition at which the hydromedusariae of Corymorpha, Hyboco- 
don, Ectopleura (Tubularia) Dumortierii, Pennaria, Coryne mi- 
rabilis, Margelis, Bougainvillea, and many Campanulariae have 
arrived previous to the disintegration ot their mass into the 
free pseudo-individual medusoidsj and their less independent, 
contemporary homologues, the persistent hydroid cephalisjns. 

No one holding the present prevailing views in regard to in- 
dividuality would find a difficulty in seeing that the members 
of a chain of Salpae are so-called individuals^ notwithstanding 
they are attachea obliquely end to end, and organically con- 
necied. Now although the self-dividing worm, Myrianida for 
example, the so-called asexual stock may become, by actual 
separation, two individuals, apparently, viz : sexless ana sexual^ 
vet once they were more closely connected organically than the 
Salpae which do not separate. Is now the closer connection of 
ie yet unseparated asexual and sexual parts of the worm to 
nake them less distinct individuals than those of the Salpa ? 
t would seem so, according to the advocates of individualism ; 
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and therefore the Myrianida, with ite posterior string of six or 
seven consecutive sexual buds is a monocephalic individual. 
But in the sexless Salpa-form budding the sexual chain we 
have a closer parallelism with the worm than in the chain 
alone, in fact an identity of relation ; and yet for all that we 
would not think of calling the stock (sexless^ and the chain 
(sexual) together one individual, with one nead, but rather 
many headed, or in other words a polymeric unit or individual^ 
of sexual and sexless cephalisms. Therefore by a parity of 
reasoning we ought to denominate the Myrianida and its buds 
as a succession or series of cephalisms. The fact that the worm 
components are more in one line than in the Salpa only makes 
an apparently more individualistic body. Among tapeworms 
the several heads {cephaloids) of the scolex (Coenurus) of TasniB 
Coenurus are not arranged in a line end to end, but all are free 
anteriorly, and connected with each other posteriorly by a 
common body. The closer connection of the subdivisions of 
the annelid is only one of degree ; and as to having more organs 
in common than the Salpa it is rather like the community of 
interest which the coral cephalisms have in the main trunk. 

Since the sexual and sexless are necessary to make up a 
complete organism, L e., vegetative and reproductive, the one 
a completement of the other, neither alone can represent the 
individual unit, or whole cycle of life : and Cephalism there- 
fore is a better term to indicate the potentiality of these sub- 
divisions to live apart, although it does not always occur (as in 
Corals, Bryozoa, some Campanularioe and Tubulariae), or when 
apart (as in other Tubularise [T. Dumortierii], Laomedese [Bu- 
cope diaphana, &c.,] and Sal pre, Myrianida, &c.,) meaning more 
or less incomplete individuals (pseudo-individuals) which are 
either mainly vegetative or mainly reproductive, as the case 
may ba 

AVe look upon cephalism then, on one hand, as having a con- 
trolling influence of^a low degree of independence when shared 
in common by the multiple heads of a coral polypidom, and, oa 
the other hand, as attaining to the highest independence as & 
controlling power, when the multiple parts of a so-called com- 

Sound individual separate from each other, and are singly un- 
er the influence of this power. The latter obtains when Hy- 
dra or Actinia separates its buds from itself: or when the sex- 
ual part of the annelid worm subdivides from the asexual one, 
Cephalism of a low degree is more readily recognized in the 
aggregated cephaloids of Salpa than in the undivided wonn, 
but, unlike the latter, remain connected cephaloids (in the 
cliain) when separated from the budding stock. 

By thus dividing the body of a Hydromedusa into two parts, 
which shall contain, severally, the vegetative dominant (i d, 
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jeiaiive cepJiaJaid) and the sexual dominant, {i, e.j sexual ceph- 
yid) we avoid the absurdity of assigning individuality to the 
j'sac of Hydra and others of its allies which have evidently 
mere genital organ. Although we might be inclined to 
mit that some cephalisms may gradually become complete 
dividuals, as when the buds of Actinia or Hydra separate 
)m the parent body ; on the other hand we must insist that 
. individual cannot retain the same significance when reduced 
a mere genital organ, as when, in Coryne, a free medusoid 
arsia) later in the season becomes an ^g-sac ; or the free 
edusa of Tubularia (Ectopleura) Dumortierii is represented in 
ibularia (Thamnocnidia) spectabilis and Parypha crocea by a 
ain sac ; or in Siphonophorse where a subdivision may be either 
sexual medusoid, or a sexless swimming-bell, or a mere 
icala" 

Under the term cephalism we include two forms, or morphs, 
z: (1) the cephalidj or such subdivisions- of a body as have 
complete organization, whether united in common (as in some 
orticellidae, Corals, Bryozoa, Crinoidae, some Ascidiadae, and 
irrosomidae^ or separatmg singly from the main stock (as in 
ydra and Actiniae), and (2) the c^haloid, or those divisions 
' a fissigemmating body which do not contain a complete 
ganization, and may be either mostly sexual (as the so-called 
©iusa of Hydromedusse, or the posterior divisions of Myri- 
lida and other worms, or the joints of Taenia, or the Cerca- 
B brood of Distoma, or the chain of Salpa) or mostly vegeta- 
te and sexless (as the hydra of Hydromedusae, the Myrianida 
ock, the head of Taenia, the single, budding stock of Salpa 
: the budding Cercaria-nurses of Distoma.) 



LRT. X. — On Laurentian Rocks in JSastem Massachusetts ; by 

Dr. T. Sterry Hunt, F.RS. 

In a paper read before the American Association for the 
Advancement of Science at Washington in April, 1854, and 
mblished in this Journal for September in the same year, (vol. 
vii, page 193, J I noticed the crystalline limestones "of north- 
a8t4?m Massachusetts, which were described by the late Dr. 
[itehcock as enclosed in the great gneissic and homblendic form- 
tion stretching through that portion of the state. These lime- 
ones, which are met with at various points from Bolton by 
helmsford on to Newburyport, present a close mineralogical 
semblance to those of the Adirondacks and Laurentides, and 
30 to those of the Highlands of New York and New Jersey, 
resemblance which extends to the gneissic rocks which in 
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these various regions accompany the crystalline limestones. I, 
at that time, accepted without examination the view maintained 
by Mather and H. D. Rogers, that these limestones in southern 
New York and New Jersey were altered Silurian strata, al- 
though mineralogically identical with those farther north of 
undoubted Laurentian age. Led by this conclusion to attach 
comparatively little importance to mineralogical and lithologi- 
cal resemblances, and guided by other considerations given in 
the paper just referred to, I then suggested that the crystalline 
limestones and their accompanying rocks in northeastern Massa- 
chusetts might probably be of Devonian age. The subsequent 
investigations of Hall, Logan and Cooke in the Highlanos of 
New York and New Jersey have however left no doubt that 
these su])posed altered Silurian rocks are really of Laurentian 
age, and led me to suspect that the same might be the case 
with those of eastern Massachusetts. This view, which was 
shared by Prof James Hall, I ventured to put forward at the 
meeting of the American Association for tne Advancement of 
Science at Salem in August, 1869, when I showed that it was 
probable, not only on lithological grounds, but from the fSict 
that the Laurentian rocks appear to the southward of the great 
paleozoic basin in New Brunswick and Newfoundland, wnich 
are geologically but a northeastern prolongation of New Eng- 
land, and moreover from the outcropping of the lowest Silu- 
rian stratA at Brain tree near Boston. A few days later I visited 
Newburyport, and in company with Dr. Henry C. Perkins of 
that place, had, for the first time, an opportunity of observing 
the gneisses and limestones in (question. Their aspect confirmed 
my suspicion of their Laurentian age, and led me to suggest to 
him the propriety of searching for Eozoon Canadense in the 
limestones which there occurs mingled with serpentine. Speci- 
mens of it were thereupon placed in the hands of Mr. IBick- 
nell of Salem, well known as a skilled microscopist^ and shortly 
after it was announced b\'' Dr. Perkins that Mr. Bicknell had 
discovered in them the Eozoon. This notice, which appeared 
in September in a Newburyport journal, is reproduced in the 
American Naturalist for N*ovember. My own specimens col- 
lected in August last near Newburyport, at the locality known 
as the DeviFs Den, did not however furnish any traces of Eo- 
zoon, and I may here remark that I had already, so long ago 
as 1864, caused slices to be made of a specimen of limestone 
from that locality, which were then examined by Dr. Dawson 
with negative results. In November, however, Mr. Bicknell 
visited NewbuiTlK)rt and got from a quarry about a quarter of 
a mile distant from the place just mentioned, specimens of a 
serpentinic limestone in which he again found Eozoon. Slices 



T. & Hunt on Laurentian Rocks in Massachusetts, 77 

wliich lie lias kindly sent me have also been examined by Dr. 
Dawson, who connrms Mr. Bicknell^s observation, and finds 
in them Eozoon Canadense, though fragmentary and not very 
well preserved. The tubuli, as in the specimens from Gren- 
ville, are injected with serpentine, and may be seen on etched 
surfaces as well as in transparent slices. A crystalline mineral 
is however abundantly disseminated in the limestone, and un- 
skilled observers might have difSculty in recognizing the fossil. 
Another locality, about twenty-eight miles to the southwest- 
ward of Newburyport, has however aflForded me much better 
specimens. In company with Mr. L. S. Burbank of Lowell, a 
zealous and successful teacher of geology and mineralogy, I 
visited in October last, the limestone quarries of Chelmsford, 
some five miles firom Lowell. This limestone and its accom- 
panying gneiss closely resemble the Laurentian rocks of other 
regions, and scapolite, apatite and serpentine occur as associ- 
ated minerals, though the latter was rare in the quarries then 
visited. A few days afterward Mr. Burbank kindly sent me 
specimens of a mixture of limestone and yellowish-green ser- 
pentine fix>m another quarry in the vicinity, which I had been 
unable to visit, and these nave proved to be rich in Eazoon 
Canadense. The continuous and complete calcareous skeleton 
of the fossU does not appear in these specimens, which seem 
like some portions of the rock jfrom Grenville, as described by 
Sir VST. E. Xogan, to be made up of fragments of the calcareous 
shell of Eozoon, mingled with grains of serpentine, and cemented 
by crystalline carbonate of lima In the specimens from Gren- 
ville, and fix)m most other localities, the mineral matter replacing 
the sarcode and filling up the canals and tubuli in the calca- 
reous Eozoon skeleton, is generally serpentine or some other 
silicate. Both Dawson and Carpenter however, it will be recol- 
lected, found that in the fragmentary Eozoon from Madoc, and 
in some small portions from Grenville, the injected mineral was 
like the shell itself, pure carbonate of lime, though readily dis- 
tinguishable by differences in texture and transparency from 
the shelL Such is also the case with all the Chelmsford speci- 
mens yet examined, which abound in fragments of shell exhibit- 
ing in a very beautiful manner the cylindrical diverging and 
branching tubuli The accompanying serpentine is disseminated 
in grains, but has no connection with the organic forms, so that, 
unlike the specimens in which it is the injecting mineral, the 
structure of these cannot be brought out by etching with acids. 
These specimens from Chelmsford, it snould be said, have 
been examined and satisfactorily identified by Dr. Dawson. 
The alignment firom mineralogical and lithological resemblances 
in favor of the Laurentian age of the limestone in question is 
therefore now supported by the undoubted presence in them of 
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JSozoon Canadense. In this connection it should be said that 
the crystalline rocks of Newburyport and Salisbury, though 
separated in Hitchcock's geological map fix)m the gneisses to the 
southwest, and united to the syenites of Gloucester and Kock- 

f>ort, seem to lae very unlike the latter, and closely related 
ithologically to the gneiss of Chelmsford, which encloses the 
crystalline limestone. The crystalline limestones occurring 
with gneissic rocks near Providence, Khode Island, merit a 
careful examination for Eozoon, inasmuch as from their litho- 
logical characters they may with probability be supposed to be 
of Laurentian age. 

Montreal, Dec. 13, 1869. 



Art. XL — Contributions to the Chemistry of Common Salt: with 
particular reference to our home resources ;* by C. A. GoESS- 
MANN, Ph.D., Professor of Chemistry, Massachusetts Agri- 
cultural College, Amherst 

However chemists and geologists may differ in regard to 
the methods bjr which chlorid of sodium has accumulated in 
the course of time within the waters of the ocean, there is at 
present but little dissent from the opinion, that the ocean has 
at all times been charged with salt, and that the saline residues 
of the oceanic waters of former geological periods, together 
with those of the present day, furnish us with our natural 
sources of supply. 

The salt of commerce is chlorid of sodium more or less con- 
taminated with various saline admixtures. These foreign sub- 
stances may differ in quality or quantity. The differences in 
the kind oi the foreign admixtures are due to the peculiarities 
of the source used for the manufacture. The differences in the 
quantity of the impurities, so far as the same kind of saline 
compounds is concerned, are determined not only by the con- 
dition of the source, but also by the mode of manufacture and 
by the amount of care bestowed upon the working. The fitness 
of a salt for domestic and industrial purposes depends quite fire- 
quently notlesson its mechanical condition, than on its chemical 
purity ; and as the composition of its natural as well as its artifi- 
cial solutions exerts a most decided influence on both, it seems 
but proper that I should briefly consider the chief foreign sahne 
compounds usually associated with the chlorid of sodium. To 
do this, we must go back to the primitive condition of our planet 

Accepting the theory that our earth has gradually passed 

* Read before the National Academy of Science at its Northampton meeting* 
August, 1869. 
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rem a gaseous to a solid condition, we may assume that tbe 
ormation of chlorid of sodium took place mainly during the 
Ast stages of its consolidation, at a period when the more 
rolatile elements reacted upon each other, in consequence 
of the diminution of temperature ; that subsequently water 
caused the oxydation of numerous chlorids and sulphids, 
tbe acids of sulphur and of chlorine which thence resulted 
acting upon the solidified surface of the new planet ; and, that 
finally these more or less violent physical and chemical revolu- 
tions resulted in the formation of the primitive ocean. 

A more prolific field for speculation concerning the kind, the 
extent, and the order of succession of the chemical reactions, 
which may have preceded or accompanied the formation of 
this first ocean, cannot readily be conceived, since more com- 
plicated relations of matter and force can scarcely be presented 
for investigation. Speculations upon the last stages of the 
chaos, therefore, are very likely to lead us into a chaos of 
chemistry ; for — ^to point out but one circumstance— the very 
important question as to the relative intensity of the various 
chemical agencies which may have been in action at any given 
point, is, and will always be, a mere matter of conjecture. Inas- 
much as all our knowledge concerning chemical affinity, has 
been obtained by experimenting, under well defined conaitions 
and on a comparatively very limited scale, it is evident that the 
application even of well established chemical laws to the deter- 
mination of the violent reactions of the atmospheric agencies 
of that period upon the solid crust of our earth, should be 
made with caution. We are not without ingenious statements 
concerning the chemistry of that stage of our planet^s history ; 
yet, as their details in many instances are and always will be 
subjects of controversy, I deem it advisable to give merely an 
outline of those probable chemical and physical changes which 
bear directly upon the question here unaer discussion. 

Taking into consideration the peculiar constitution of primi- 
tive rocks, their present surface condition, and the predominance 
in them of silicic acid, in connection with the probable character 
of the primitive atmosphere, there appears to be some force in 
the suggestion, that the decomposition of the silicates of iron, 
of alumina, of lime, of magnesia, of potassa, and of soda, by 
means of sulphuric acid, and particularly of hydrochloric acid, 
may have furnished the saline constituents of this primitive 
ocean. The compounds resulting from this chemical action 
being soluble in water, at least in part, were continually carried 
away in solution and accumulated finally in lakes ana oceans, 
rhe chemical composition of those oceanic waters was depend- 
;nt, tiierefore, on the nature and the extent of the surface disin- 
^ration, the concentration as well as the relative proportion of 
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their saline constituents being very different from that found at 
present But on the other hand we must concede, that an entire 
elimination of one or more of these constituents could only be 
accomplished by such an alteration in the physical and chemical 
condition upon our planet, or in the nature of the disintegrating 
j^encies, as would create new affinities of sufficient power, to 
fdter the originally existing compounds. The composition of 
the present ocean, as compared with that of saline deposits of a 
more ancient date, requires the assumption of suchrevolutionifr 
ing causes ; causes, however, which may be looked upon as 
merely a natural consequence of the lapse of time during the 
history of our earth. The same agencies in fact, which are still 
at work in effecting changes in the character of the saline com- 
pounds of the present ocean, suffice to explain the gradual trans- 
formation of the primitive ocean into that of the present day. 
The mineral acids, the presence of which we had reason to 
suspect in the primitive ocean, became neutralized by degrees, 
and ceased to react upon the newly exposed rock ; and as the 
temperature diminished, a new disintegrating agent, carbonic acid, 
became activa This acid, then so abundant in the atmosphere, 
aided by water and oxygen, and later by vegetable and animal 
life, though a slower is by no means a less powerful agent in 
effecting the decomposition of exposed rocks ; it has enriched 
and is still enriching the ocean with saline compounds. Car- 
bonates and silicates of alkalies and alkaline earths were in this 
way introduced into the oceanic waters ; and thus a gradual 
removal of metallic and earthy oxyds, and in some cases of 
those of the alkaline earths also, was effected. The sulphuric 
acid, exchanging the oxyds of the earths and the metals for 
lime, formed a less soluble sulphate, so that the amount present 
became dependent upon concentration and temperature. The 
chlorine changed from its combinations with earths and metals, 
only to the equally soluble compounds of the alkalies and 
alkaline earths. Taking the chlorid of calcium, for example, 
which thus far has been noticed in every salt deposit of ante- 
tertiary date, and which must have been therefore one of the 
original constituents of the ocean from which the salt originated, 
we find it necessaiy to believe that the chlorids must have al- 
ways exceeded the sulphates ; since an excess of any sulphate, 
except sulphate of lime, would have caused the decompositioin 
of the chlorid of calcium.* An increase of the chloridB of the 
alkaline earths, as of calcium and magnesium, and of the 
alkalies, particularly of sodium, if we may judge from the 
present composition of the ocean, was the final result of the 

* Tho supposition that clilorid of calcium was ono of the primitiYe constituenta, 
can only lose itB force when some otlier general cause for its univereal dififUaici 
oan be pointed out 
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changes now indicated. The agencies which produced these 
changes are still at work ; and hence the oceanic waters of the 
present day are liable to similar alteration in composition. There 
are reasons to suppose that for some time past one of the main 
changes has been the decomposition of the sulphate of lime by 
carbonate of ma^esia, formmg carbonate of lime, sulphate of 
soda and chlorid of magnesium. The latter compounds are 
characteristic of the salt deposits of recent date, as well as of 
the present marine waters ; they could make their appearance 
only after the chlorid of calcium had been removed. There 
are of course various other means, by which this result may 
have been accomplished ; but I prefer to confine myself to the 
one now given, as being of particular interest in view of the 
&ct, that chlorid of calcium is a characteristic constituent of the 
ante-tertiary ocean. These changes in the oceanic waters ex- 
tend apparently over long periods of time ; they are more likely 
the result of a prolonged tnan of an intense action, — even from 
the b^inning. For these reasons it must always be quite dif- 
ficult to point out with anything like a certainty, the condition, 
and the composition of the ocean waters, during the successive 
stages in the geological development of our planet All we 
can venture to assert upon that point may be summed up in the 
following statements :— first : the similarity of certain extensively 
distributed metalliferous, and other deposits within the crevices 
and fissures of primitive rocks, finds an apparently satisfactory 
explanation in the assumption, that their K>rmation is due to a 
more or less localized precipitation, under circumstances similar 
to those we have suppos^ to exist in the primitive ocean ; 
mcond ; the saline compounds contained in the oceanic waters 
of ante-tertdary date appear to differ essentially from those of 
the present day ; the solutions of the primitive saline deposits 
of distinctly ante-tertiary date containing in every instance, 
more or less chlorid of calcium, while the waters of our present 
ocean are characterized, instead, by an excess of soluble sul- 
phates, as sulphate of magnesia and of soda for instance, 
which renders the existence there of chlorid of calcium impos- 
ribk We do not hesitate on the strength of these observa- 
iiwB, to speak in general terms of a primitive ocean, — of an 
Qsik-tartiary or Silurian ocean, and of a Post-tertiary ocean, in- 
chiding in the latter that of the present day. 

Whenever during the various geological epochs a larger or a 
smaller body of salt water was cut off from the main ocean, either 
in consequence of a receding of the ocean, an infiltration into natu- 
ral basins, or of changes in the level of the strata, and was 
subsequently placed under favorable climatic conditions for its 
Pvaporation and the subsequent preservation either in whole 
M* m part of its saline residue, then a salt deposit was pro- 

Am. Joub. Sci.- Sbcoud Ssbibs, Vol. XLIX, No. 145.— Jm., 1870. 
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duced Such saline residues, commonly known as rock saltf 
have been found in almost every geological horizon, fiDm 
the Silurian upward, and in many localities they are still 
forming at the present time. Sometimes several independent 
deposits occur one above the other, interstratifled with the 
rocks of the same geological basin. 

Most of the foreign salts which accompanied the chlorid of 
sodium in the marine waters, bein^ more soluble than the 
chlorid of sodium itself^ accumulated during the evaporation 
in the residual licjuid, commonly known as mother-liquor, which 
covered, at least m part, the separated crystalline mass of chlorid 
of sodium and sulphate of lime. The amount of these salts 
and the manner in which they overlie the solid saline mass, is 
dependent on the form and the shape of the basin in which 
the deposits accumulated. As these mother-liquors uniformly 
contained a large number of deliquescent compounds, we must 
assume very favorable climatic and meteorological conditions to 
account for their evaporation, since the rate at which this took 
pfetce, must have exceeded by far that of the precipitation of 
moisture. Whether such a state of the atmosphere was the 
general rule in former ages, is of course quite uncertain. More- 
over, although actual investigations have demonstrated the entire 
absence not unfrequently of the upper layers of such saline de- 
posits, this fact cannot be admitted as an argument against the 
assumption of a common marine origin of all salt deposits. 
For, even granting that in former geological ages, the extrao^ 
dinary state of the atmosphere did exist, which would be re- 
quired to effect the soliaification of the entire saline mass— 
mother-liquor and all — ^there remain numerous subsequent 
influences, by wh ich a part or the whole of the saline residue of the 
original motner-liquors, even after their complete solidification, 
could have been removed from a saline deposit In fact, con- 
sidering the many casualties to which these saline accumula- 
tions are liable in the course of time, it would be strange indeed, 
if many entire and well preserved marine salt deposits should 
be found. 

We may assume then with some propriety, in cases 
where salt deposits are found without their associated foreign 
saline compounds, that these have been lost, either by oozing 
out, never having been solidified, or after solidification, have 
been removed by the percolation of surface waters, by sub- 
terranean currents, by peculiar secondary chemical and ^ysi- 
cal reactions or by erosive action on the surface layers. In all 
probability quite as many deposits have been modified in their 
physical and chemical cKaracters by the subsequent elevation 
of their enclosing strata, a circumstance which must have favored 
the percolation of surface moisture, as have been changed by 
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nudation.* Indeed these changes have sometimes gone so 
r as to leave nothing but the layers of gypsum which are the 
bstratum of all well investigated rock-salt deposits. 
As the circumstances necessary for the preservation of entire 
It deposits, or saline marine residues can scarcely have been 
3 same, even throughout the same geological age, it is not sur- 
ising, that these deposits so frequently oiflFer in their physical 
d chemical characters. In fact there is at present but one 
t deposit known, and its discovery is of quite recent date 
tassmrth), where the entire saline mass of the ocean has been 
3served ; in this deposit the various saline compounds are 
a large extent arranged in layers, which correspond closely 
th the degree of their solubility ; yet even in this one instance 
jre are facts noticeable, which leave no doubt that portions of 
; deposit have been exposed to peculiar disturbing influences 
a later date. 

But not only may salt deposits be placed under conditions 
lich permit their re-solution, there may be in addition a re-evap- 
ition of this solution, producing a secondary salt deposit 
is requires only a repetition of the circumstances, which 
^ored the formation and preservation of the original one. 
primary salt deposit may be dissolved entirely or only in 
rt ; in either case the solution may or may not be changed in 
nposition by filtering through the adjacent beds. Both 
mary and secondary salt deposits may occur in the same 
)logical {Post- Silurian) formation. Secondary reactions of a 
fsical 83 well as a chemical nature too may alter the character 
the surrounding geological formations, and thus may indirectly 
3ct the composition of a salt deposit, as is the case for instance 
Starafiirth. The conditions which have now been given 
y suffice to explain to us the great variations we notice in 
I chemical composition both of rock salt and of brines ; they 
y also serve as a suitable illustration of the great risk we 
:ur, when we assume to draw conclusions of an absolute 
iracter from the geological formation in which the salt deposit 
J been found, as to the chemical composition of the oceanic 
ters of that geolo^cal age. 

W^ith these preliminary remarks upon the origin of chlorid of 
lium and its associated salts, I pass on to consider the main 
irces of supply of common salt, with particular regard to 
188 of this country. 

rhe leading sources of supply for the manufacture of salt, 
ilready stated, are three in number. Bock salty Brines^ and 
>toaier, A. Rock salt : From what has been said it is manifest 
t rock salt from different localities may differ widely, both in 

Is the rock salt deposit of* Petit Anse, Louisiana, for example, and most Ukelj 
which furnishes the brines of Onondaga. 
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Sliysical and chemical properties. Usually it occurs either in 
ensely aggregated masses of distinctly cubical crystals, or in 
compact masses having a conchoidal micture ; it is frequently 
colorless and transparent, yet is more often either red, yellow, 
or blue, rarely green. Its most frequent saline admixtures are 
Jst, sulphate of lime, the chlorids of calcium, magnesium, and 
potassium, and the bromid and iodid of magnesium ; or 2d, the 
0ulphates of lime, magnesia, and soda, the chlorid, bromid, and 
fodid of magnesium, etc. A rock salt, which contains more 
t^]ian from 2 to 3 per cent of these impurities is unfit for domestic 
ti^es ; and a salt which contains carbonate, nitrate or borate of 
goda, or similar foreign substances is, especially in its natural 
gt^te, frequently unfit even for many manufaicturing purposes 

aJso. 

Bock salt deposits are frequently intercalate with layers of 
grypsum and clay, a fact due to the successive periods of evap- 
oration ; such conditions require especial care in mining the 
gait Colorless and dry rock salt deposits haying a fair composi- 
tion and easy of access are mined directly with advantage ; the 
Bait obtained thereby, after being brought into a desirable form, 
is directly applicable to most domestic purposes, particularly meat 
oacking. Colored salt deposits, or those which sufffer from ^t- 
colating waters, or which contain a large amount of foreign 
saline admixture, or clay ; or finally, those which are located at 
very great depths, if worked at all, are usually dissolved, and 
their solutions treated like brines. 

The northern part of this continent contams numerous salt 
deposits • some quite recently discovered, like that upon Petit 
Anse Island, Vermilion Bay, Louisiana, the one in Canada 
West at Goderich on the shores of Lake Euron, and also that of 
Neyba St Domingo, West Indies, being of particular interest 
Newspaper reports too tell of mountains of rock salt in Arizo- 
na and Nevada. The salt deposit at Goderich is buried in the 
shales of the upper Silurian (T. S. Hunt), at a deuth of from 
eight to nine hundred feet ; it is about forty feet thick, coven 
so far as present indications show, dozens of square miles, and 
is in close proximity to Lake Huron ; its solution furnishes the 
superior brines at Goderich.* The salt deposit of Petit Anse, 
Louisiana, is apparently imbedded in Quaternary formations (E. 
W Hilffard), and is covered merely by a diluvial drift from 16 
to 18 fcSt in thickness ; its extent is unknown, having been but 
partially explored. It is accessible by sea and by land, and is 
within 275 miles of the mouth of the Mississippi nver. This 
Petit Anse rock salt, so far as at present exposed, is one of the 

♦ Report on the Salt Resouroea of Gk)derich, Canada West, by Chaa. A. CkMi- 
mann; Syracuse, N. T., January, 1868. 
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purest on record.* At the present time there is but little rock 
salt, as such, used in the United States. Natural solutions 
of rock salt fiimish us with the brines of Saltville in North 
Western Virginia, of Goderich, Canada West, and, as I believe, 
of Onondaga, N. Y. 

B. Brines. — Brines are either natural or artificial ; that is, they 
are either natural solutions of saline deposits, or they are made 
artificially by dissolving rock salt In regard to natural brines 
we are quite frequently ignorant of the exact location, the 
extent and the nature of the saline mass from which they ori- 
rinate, while in the case of artificial brines, we are familiar at 
least to some extent, with the nature of the sources from which 
our supply is drawn. 

Brines differ in strength and in composition, scarcely two of 
them being alike. In strength they vary from three to twenty- 
six per cent of saline matter, though weak brines are frequent- 
ly strengthened for manufacturing purposes by adding rock 
nit Their composition depends on the peculiar nature of the 
original source, and on the secondary influences to which they 
are exposed in passing to the surface ; an intercepting stratum 
often modifying materially their original composition, f More- 
over brines from the same salt deposit frequently differ widely 
in composition ; the upper parts of the deposit containing as a 
general rule, more of the foreign salts than the lower portion ; 
the exceptions being accounted for by extensive surface erosions 
and percolating waters.:}: Again, the upper layers of salt de- 
posits being more exposed to surface action, as for instance, to 
infiltrations, which may cause chemical changes, are thus partic- 
ularly liable to suffer from the accumulation of foreign admix- 
tures, derived from the disintegration of the overlying rocka 
Brines originating from the surface layers of a salt deposit are 
therefore usually inferior in composition to those commg from 
its lower portion. 

The impurities of brines are those which are found in rock 
Bait, but in many instances they contain also the carbonates of 
Kme, magnesia, and protoxyd of iron, carbonic acid, and hy- 
drosolphuric acid, besides organic matters. These last named 
have found access to the brine in most cases during its passage 
to the surface. 

Brines are divided§ according to the character of the saline 
admixture, into two classes ; those of the first class contain the 

^^ See mj statement in a report of the American Bureau of Mines. On the rock 
iritdepodt of Petit Anse, etc., New York, 1867 ; and also Dr. E. W. Hilgard's 
Itilenients In Proceedings of American Assoc for the Advancement of ScienoOi 
Ai^, 186H. 

f See mj contribution to the Chemistry of Mineral waters, etc Syracuse, N. Y., 
Pisb^ 1866, also this Jour., 1866. 

i See mj contribution to the Chemistry of Brines, this Jour., July, 1867. 

g Ibid., p. 80. 
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chloride of calcium and magnesium, and sulphate of lime; 
those of the second class contain no chlorid of calcium, but 
only chlorid of magnesium, with the sulphates of lime, soda 
and magnesia ; the first class are supposed to originate chieflj 
from the saline residue of the oceanic waters of ante-tertiary 
date, while the second class represent most probably deriva- 
tives of the former. All the brines found east of the Missis- 
sippi river belong, so far as my own information extends, to the 
first class, as they contain chlorid of calcium. The second 
class of brines is largely represented west of that river ; for 
instance in Nebraska, Kansas, and Arkansas. 
L 1st Class of brines and salt* 
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IL 2d Class of brines and salt ; it includes all kinds of salt 
made from oceanic waters.* 

NebraskA (brine), Kebraslu (mR). Kansas (talt). 
Sulphate of lime, 
Sulphate of soda, 

" " magnesia^ 
Chlorid of magnesium, 
Chlorid of sodium, etc., 
Water, 

The value of a brine for manufacturing purposes does not 
depend entirely either upon its density or upon the relative 
percentage of chlorid of sodium and of foreign saline admix- 
tures ; the kind of the impurity is of the greatest importance ; 
for instance, the sulphate of lime and even the sulphate of 
soda are considered fiir less objectionable, within proper limits, 
than a corresponding amount of the deliquescent chlorids of 
calcium and magnesium. 

Saline springs are scattered all over the United States, their 
number having been largely increased by the recent extensive 
explorations for oil ; the amount of brine which they can yield 
is apparently inexhaustible. Foremost among them are the 
brines of New York, (Onondaga co.), southeastern Ohio, western 
Virginia, Michigan, Pennsylvania, and of late Nebraska and 
Kansas. The brines of New York, Ohio, Virginia, Pennsylvania, 
Michigan, Tennessee, Kentucky, and Canada West, resem ble each 

* These analytical statements by no means express the commercial value and the 
relative purity of the salts and brines, they claim merely to indicate their peculiar 
charactez. 
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)ther closely. They all belong to the first class of brines, and 
Jl contain chlorid of calcium ; they differ merely in the relative 
)roportion of the impurities which they contain- The brines 
)f Lincoln co., Nebraska, and of Smoky Hill river valley, 
^nsas, etc., contain chlorid of magnesium, and the sulphates 
)f lime and soda, but no chlorid of calcium. They represent the 
€cond class of brines. Most of the saline waters of this 
^untry are, even in their natural state, strong enough to be 
yorkea directly by artificial heat All our home manufactured 
alt, coarse as well as fine, with the exception of a small 
quantity obtained from sea-water, has thus far been made from 
latural brines; fully one half of the whole amount for a 
lumber of years having been obtained from the brines of 
)nondaga. New York State. 

C. Sea-water. — The water of the ocean is a weak brine ; it 
ion tains from three and one half to four per cent of saline matter, 
)f which three fourths is chlorid of sodium and one fourth is im- 
mrities ; it is free from chlorid of calcium, and belongs pro- 
)erly to the second class of natural brines. Its impurities 
lonsist mainly of chlorid of magnesium, the sulphates of lime, 
nagnesia and soda, besides smaller quantities of chlorid of 
x)tassium, bromid and iodid of magnesium, and carbonate of 
irae, with traces of oxyd of iron, etc. Sea-water varies but 
ittle in composition and concentration, except in localities 
vhere either a limited body of water is prevented from unre- 
itricted communication with the ocean, or where a large 
nflux of fresh water causes its dilution. It represents the 
nain source of supply for the manufacture of salt in France, 
Portugal, Spain, Italy, the West Indies, and Central and South 
America ; it is used also largely for the production of salt in Eng- 
and, Belgium and Holland, being frequently employed for the 
iolution of rock salt of inferior color. In the United States it 
las been turned to advantage but to a very limited extent 
Phree hundred to three hundred and fifty thousand bushels 
!Over, in all probability, our present production of salt from sea- 
¥ater. The States of Massachusetts, North Carolina and 
Florida on the Atlantic, aod of California on the Pacific 
)cean, have mainly been interested in this branch of industry. 
The late increase in the production in Florida, and on the 
Pacific coast, more than compensates for the falling off elsewhere. 
In concluding this paper it may be well to re-state the fact, 
;hat the comparative commercial value of various samples of salt, 
o far as their composition is concerned, does not always depend 
ipon the relative proportion of chlorid of sodium to foreign 
.dmixture. A mere analytical statement giving the percentage 
)f impurity, without specifying its kind and nature, gives no 
eliable standard by which to pronounce upon their commercial 
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value, since the various impurities, which the salt has retained, 
are objectionable in quite diflFerent decrees ; thus a sample which 
contains from one to one and a half per cent of foreign salts, 
consisting almost exclusively of sulphate of lime, may claim to 
be a very fair article of common salt ; whilst if it contains but 
one half of that amount of the chlorids of calcium and mag- 
nesium or of the sulphates of soda and magnesia, together 
with the chlorid of magnesium, or of the carbonates of lime 
and magnesia, it would be considered quite objectionable, at 
least for table and dairy purposes. Again, the superior 
fitness of a sample of salt for many domestic purposes, 
does not depend entirely on its chemical composition; 
its mechanical condition is quite frequently of not less impor- 
tance. A well devised mode of manufacture, ought there- 
fore, not only to aim at the most perfect removal of foreign 
impurities, it must also secure to the salt the best mechanic 
condition. The manufitcturer in selecting a mode of working 
is consequently limited in his choice ; he must often sacrifice 
purity to mechanical condition, being obliged to adopt a method 
whicn promises to secure most economically a desirable article 
from his brine in the purest condition possiola So far as the 
form is concerned there are two kinds of salt in commerce; 
(a), coarse salt including salt made by solar heat, and rock salt 
crushed to a suitable size ; and (b), common fine salty or boiled 
salt obtained by artificial heat and more rapid evaporation ; 
both kinds have their special market valua The amount of 
salt consumed for the promotion of animal life far exceeds that 
required by vegetables, but the amount demanded for meat 
packing and for the dairy business is very much larger. In 
the industrial arts, we can scarcely claim that any of our home 
resources have been turned to account A proper exposition 
of the various uses to which salt is applied in cnemical 
manufacturing industry would be a descnption of one of the 
most important chemical arts of the present day. To do justice 
to this question would require more time than I feel entitled to 
claim. I shall therefore confine myself merelv to the presenta- 
tion of a few statistics in regard to the quantity annually pro- 
duced. 

England produces from thirty to thirty-two millions of 
bushels of salt, (56 lbs. each), of which seventeen millions are 
used for the manufacture of soda ash, sal soda, caustic soda, 
bicarbonate of soda, hydrochloric acid, bleaching powder, etc., 
etc., while about two- thirds of the rest is exported, leaving 
scarcely one-fifth of its whole production for domestic consump- 
tion.* The production of salt in the United States amounts at 

* England abolished its tax on salt in 1823. The price has varied only witfaki 
narrow limits for many years past ; the production in some localities has diaaged 
much since that time ; for instance, Worcestershire produced in 1823 but 9,000 
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present to from sixteen to eighteen millions of bushels, and the 
consumption to from thirty-two to thirty-four millions of bushels ; 
in other words, almost one bushel to every head of its popula- 
tion. This large consumption of salt is due to our extensive 
meat packing and dairy business ; the consumption for manu- 
factunng purposes being scarcely worth mentioning. Almost 
one-half of the amount of our present consumption, it will be 
noticed, is impjorteA We must consequently increase our pro- 
duction to twice the present amount, if we would supply our 
present demand ; and if we would support the industrial arts at 
the rate England does, we must increase this production more 
than three times. Our natural sources of supply would, even 
in their present incomplete state of development, suffice to 
famish the amount required. Our prospects might therefore 
be considered highly gratifying, if the question of quantity 
onlv were involved. But as the cheapness of the raw material 
and of labor are not less important points, which ought to be 
duly weighed before entering upon a new industrial enterprise 
in which skill and capital have for years secured a monopoly in 
the market, we must acknowledge that we are not yet fully 
prepared to enter the lists as successful competitors. Some 
of our older salines are not yet sufficiently explored to warrant 
the expectation of a cheap supply from tnem in their present 
condition, and many of our recently discovered brines are too 
far from cheap communication or from centers of skill and 
industry, to be to any extent available for our present emel*- 
gencies. 

In some of the countries in Europe, where the government 
holds the salt monopoly for revenue purposes, the practice has 
for obvious reasons Deen adopted of taxing the salt used for 
domestic purposes, while the salt used for manufacturing pur- 
poses is supplied at cost, being first rendered unfit for 
domestic application by the addition of ground charcoal, 
oxyd of iron, eta These additions are selected with 
reference to the particular use for which the salt is 
intended. May intelligently directed individual enterprise, 
supported by a wise legislation, soon recognize the pro- 
per means by which our home production may be best stimu- 
lated, and thus our chemical industry receive the most important 
element for its successfiil and rapid development 

tons, while its present produ'»tion is 200,000 tons; the Cheshire salt works are 
flA|Mible of making one million of tons per year ; in both cases the sources of Hup- 
ply exceed the demand. The Worcestershire works export annuaUy 60.000 tons, 
while the Cheshire works export 650,000 tons. The Stoko's works employ 500 
hands, produce about 3,000 tons per week, consuming 1,500 to 2,000 tons of coaL 
A fidr workman at 28. per ton will make 288. per week.— ^(7A«m. News, No. 3*77, 
Feb^ 1867, page 88. 

Amhenty l£aa&, Auguit, 1869. 
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Art. XII. — Account of a /cdl of Meteoric Stones near Dan- 
viUcj Ala, J with an analysis of the same ; by J. Lawrence 
Smith, Louisville, Ky. 

Although the meteorite of Danville, Alabama, fell in Nov., 
1868, and an analysis has been made of it during the past 
summer, it is only recently that I obtained a complete account 
of the phenomena attending its tall. 

On Friday evening, Nov. 27th, 1868, about five o'clock, Mr. 
T. F. Freeman, of Danville, (about lat. 34 30' and long. 87° 
W. Greenwich), on stepping from his house, was startled by a 
loud report, so much liKe artillery that for the moment its 
origin was attributed to the firing of a small piece of artillery 
kept in the village, but on inquiry it was ascertained that no 
finng had taken place there, but that »he st)und was heard at 
the village, and attributed to very heavy artillery at Decatur, 
Trinity, Hillsboro, or some other point to the northward of 
Danville. During the war, artill^^ry had been often heard in 
the valley of the Tennessee, and various speculations were in- 
dulged in as to what was meant by this cannonade at such a 
time of day and in such a direction. 

The following day, Mr. Wm. Brown, living three miles west of 
Danville, brought to the village a piece of rock which he said 
fell near him and some laborers, who were picking cotton. He 
dug it up at a depth of about 1^ to 2 feet. It weighed about 
4J lbs., and had the characteristic aspects of a meteoric stone; 
but it was broken by the party obtaining it, and all but about 
half a pound, now in my possession, has been scattered and 
probably lost or thrown away. 

Several oiher stones fell in the same vicinity. Some negroes 
working in a cotton field on the plantation of Capt. McDaniel, 
half a mile from Danville, heard a body fall with a whizzing, 
humming sound, and strike the ground near them with tre- 
mendous force ; but they were alarmed and did not approach 
the spot that ni<^ht ; a rain fell duriniij the night and no trace 
of it could be found the next day. Various other stones were 
heard to fall in different parts of the adjacent country. Two 
brothers, by the name of Wallace, were ploughing in their field, 
about IJ miles N. W. of Danville ; they distinctly heard two 
or three fainter reports, after the first loud one, and heard the 
sound of two f dling bodies whizzing down, one to the right 
and the other to the left of them. 

Wiih the above data, and the known geography of the 
country, its direction must liave been N. E. and 8. W., but it 
is impossible to say from which of these quarters it came. 
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The portion of the meteorite that I possess has a large por- 
tion of it covered with the usual black crust. Its general 
aspect is rough and dull ; a portion of the outer surface, not 
covered with the black coating, is nevertheless a surface that it 
had when it reached the ground, for on this surface are streaks 
and little patches of a bright, pitchy matter, which was once 
fused, and was derived either from another part of the coating 
that was thrown off in a melted state from the coated portion, 
and whipped around, (as it were), on to the unfused surface 
as the stone fell through the air, or from an incipient fusion that 
was begun on the denuded surface, and arrested by the termi- 
nation of the fall. Where the black crust reaches the denuded 
places, it appears to be rounded off, as if it had been melted 
matter passing from another portion of the stone, and rolled 
over the surface of the borders. 

The broken surface has a dark gray color, and is somewhat 
oolitic in structure, but not as much so as many other meteoric 
stones. There are veins and patches of a slate-colored mineral 
running through it. Pyrites and iron are also to be seen dif- 
fused through the stone ; thin flakes of the iron giving that 
slickenside-like appearance to a fracture not unfrequently seen 
in this class of bodies. There seems to be more of iron in the 
slate-colored mineral than in the other parts. There are a few 
patches of white mineral, which I take to be enstatite. The 
specific gravity of the stone is 3*398. 

For further examination, a portion of the meteorite was sep- 
arated mechanically into three parts ; the pyrites, the metaUic 
iron, and the earthy minerals. As in the case of most meteor- 
ites, the earthy minerals were so intermixed that it was 
impossible to separate the different varieties, three of which 
were easily traceable by the eye. 

The iron separated with great care from the pulverized me- 
teorite constitutes 3092 per cent of the entire tnass, and an 
analysis furnished 

Iron, 89*513 

Nickel 9(»60 

Col»ak 0-621 

Copper, minute quantity 

PlM.sphoru8, 019 

Sulpl:ur, 0-106 

99 208 

The sulphid of iron detached very carefully from the mass 
oi the 'meteorite gave 

Iron, 61-11 

Sulphur, 39-56 

100-67 
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which corresponds with the protosulphid of iron, FeS. 
Whether it contains any of the sulphid known as troilite I am 
not prepared to say. 

The stony minerals were freed as much as possible from iron 
and pyrites, and one gram treated with ten grams of hydro- 
chloric acid on a water bath, and evaporated nearly to dryness, 
then filtered and the filtrate well washed ; after which, the res- 
idue in the filter was warmed with a solution of caustic soda to 
dissolve any silica belonging to the portion dissolved by the 
acid ; it was then filtered again and washed. The result was 

Soluble portion 6088 

IiiRolnlile portion, 89*12 

The treatment by a solution of caustic soda or potash is of 
importance for a correct result, as otherwise a portion of the 
silica of the decomposed minerals will be estimated with the 
portion that is undecomposed. 

The insoluble portion was analyzed ; for although the aoal- 
^is made in this way cannot furnish any positive indication 
m regard to the true mineral constitution of the meteorite, it 
is, nevertheless, an important guide. It was found to consist of 

Silira 50-08 

Alunniiii, 4*11 

ProtoxyJ of iron, 1985 

MH);nesia« 20*14 

Lime 3-90 

98-08 

From all the circumstances connected with this mineral, its 
physical characters, &c., it is doubtless a pyroxene of the au- 
gite variety. 

The soluble portion, owing to the unavoidable presence of a 
little iron and pyrites, simply furnished results on analysis 
that showed it to be mostly olivine. The only matter, as a 
whole, freed as much as possible from pyrites and nickeliferoos 
iron, gave 

Silica 45-90 

Proioxvil of iron, ... 23*64 

Magnesia, 26*52 

Alumina 1*73 

Lime, 2*81 

Soda, -51 

Potash -64 

(')xyd of manganese, a minute quantity, not estimated. 
Ox'yd of Chrome, *' *' " " 
Phosphorus, ** " »* ** 

Lithia — marked reaction with the spectroscope. 
Sulphur, 1*01 
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The excess in the footing up of the analyses above 100 per 
cent is due to the fact that a part of the iron, estimated as 
protoxyd, is combined with sulphur forming sulphid of iron. 

This meteoric stone is similar in every respect to that which 
fell March 28th, 1859, in Harrison county, Indiana, (which 
locality I see referred to, in catalogues of meteorites, as Harri- 
son county, Kentucky). This meteorite is therefore com- 
posed of • 

Nickeliferons Iron, 

Olivine, 

Pyroxene, 

Protosulpliid of iron 

with minute quantities of schreibersite, chrome iron, and prob- 
ably albite. 

In concluding these observations on the Danville meteorite, 
I cannot but feel more and more convinced of the importance 
of a thorough reexamination of the mineral nature of the 
meteoric stones^ and in the present case, I am not at all satis- 
fied that the mmeral characteristics are perfectly made out. 



Art. XTTL — Oontrtbutfons to Zoology from iht Museum of Yale 
College, No. V. — Descriptions of Echinoderm^ and Corals from 
the Chilf of Cdlifomia; by A. E. Verrill. 

The Museum has recently received a large and important 
collection of Badiata, collected by Capt J. Peoersen in the vicin- 
ity of La Paz. The following notes and descriptions relate 
to some of the more interesting species only. 

ECHINOIDEA. 

Memia nigra VerrilL 

Meoma nigra VerriH, Trans. Connectdcut Acad., i, p. 317, JSS?. 
JTZsmta nigra A. Aginwly., Bulletin Mus. Ck>mp. Zool, p. 27. 1863. 

Of this interesting species there are ten specimens in the col- 
lection, which show considerable variation from the type formerly 
described by me, as well as among themselves. 

The largest is 4"85 inches long, 4*25 broad, 210 high; the 
smallest 8*85 long, 8*40 broad, 1*75 high. The outline, as seen 
from below, varies but little and is broad-oval, somewhat emar- 
ginate anteriorly, obliquely truncate posteriorly, and slightly 
compressed laterally, or, in other words, nearly heart-shapecL 
The anal area is large, somewhat sunken, and is at the extreme 
posterior end of the shell, occupying the greater part of the 
truncated portion. Its form varies from regularly elliptical, 
acute at each end, to broad-oval, rounded oelow and acute 



94 A. JE, VerriU on JSchinoderms and Corals 

above; its position varies from nearly vertical to decidedly 
oblique, and it is so nearly terminal as to produce a posterior 
emargination in a dorsal view of the shell. In a side view some 
specimens are decidedly depressed, but most are regularly 
arched, while otie is decidedly elevated at the apex. There is 
considerable variation in the depth of the antenor ambulacral 
groove, and also in the number and prominence of the lai^e 
tubercles, wlfich are more or less restricted to the region enclose! 
by the peripetalous fasciole. The fasciole itself shows remark- 
able variations, but does not agree at all with, that of M, 
grandisj as figured by Gray. The portion crossing the anterior 
interambulacral regions varies less than other parts, but in some 
the intermediate transverse portion is nearly straight, in others 
strongly curved and often crooked, in one it is bent up into a 
right angle on each side of the ambulacral groove ; its bend or 
angle near the antero-lateral grooves is also variable, both in 
form and extent, it being twice as large in some specimens as 
in others, and in one an irregular, crooked branch passes fix)m 
the apex of the angle on the lefl side to the anterior groove. 
In the posterior interambulacrum the course of the fasciole is 
quite variable, in five examples it crosses with a strongly curved 
upward bend, without any distinct angle, rising highest in four 
specimens on the right side, in the other forming a nearly 
straight transverse middle portion ; in three specimens it forms 
a sharp angle on the right side ; in one a similai* angle on the 
left sitle ; in another there is a strong median angle, its apex 
pointing to the anal region, and another to the right of it, pomt- 
mg to the summit ; in all the specimens it bends inward further 
than in Af, grandis. The lateral part of the fasciole also varies, 
especially on the lefl side ; in five (but not the same five that 
agree in the posterior region) it has but one angle, near the 
antero-lateral grooves, where it rises highest ; in three it has two 
anglas, rising highest at the posterior one, and nearly straight 
between ; in two others, which also have two angles, the trans- 
verse part is double. On the other side the fasciole varies in 
the same way, but not in the same specimens, for some have two 
angles, both on the right and leit; others two only on one 
side ; others one on both sides. The anal fasciole is also vari- 
able ; usually the subanal branch is wanting or indistinct, 
though indicated by a band of smaller tubercles, but in one 
specimen it is well marked and the subanal disk is clearly and 
perfectly circumscribed. In this the subanal disk is very broad, 
oilobed, narrowest in the middle, scarcely heart-shaped, the 
anterior border being nearly transverse, and the posterior border 
nearly parallel with the anal region and about '15 of an inch 
from it In others the posterior border is more curved. One 
specimen has but three ovarial openings, the rest four. The 
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proportionate length of the ambulacml grooves varies consider- 
ably, both in different specimens and on opposite sides of the 
same individual, sometimes those on the right being longest, 
sometimes those on the left, and not uncommonly a longer ante- 
rior one is offset by a shorter posterior one on the same side. 

Mr. A. Agassiz thinks this species may be identical with M. 
grandis Gray, described as from Australia, but if the figure of 
the last be at all correct my specimens differ widely from that 
described by Grav. The position of the anal area, especially, is 
quite different, it being in Gray s figure at a considerable distance 
from the posterior end, and therefore more ventral and nearer the 
subanal tasciola The peripetalous fasciole is also very different 
from that of any of my specimens. 

Agassi'zia svbrotunda Gray. 

Catalogue Ech. of British Hub., p. 63, tab. 3, fig. 2 ; Verrill, Proc. Boat. Soa, 
ToL xii, p. 381. 

A. oviban Lntken, Vidensk. Medd., p. 134, tab. 2, fig. 8 ; Verrill, Trans. Conn. 
Acad^ Yol i, p. 320. 

Of this species there were about a dozen specimens, mostly 
more or less broken, which show but little variation and agree 
well with Gray's figura 

Mr. A. Agassiz regards this and A. avulum Lutk. as identical 
with A. scranculata VaL, which may well be the case if the 
fibres in the Voyage de la Venus be incorrect, as he states. 
The figures are certainly very unlike our specimens. 

Clypeasier speciosus Verrill, sp. nov. 

Depressed, gradually rising toward the apex ; the lower side 
sometimes slightly concave from near the edge of the mouth, 
m other specimens flat except close to the mouth, which is much 
sunken. Outline oblong-pentagonal, with rounded angles and 
sliffhtly concave sides. The anterior end slightly elongated. 
Interambulacral regions decidedly concave between the ends of 
the ambulacral rosette ; the ambulacral regions enclosed by the 
pores slightly raised, narrow, elongated, widening but little out- 
wardly and somewhat acuminate at the end, which is often 
Nearly enclosed by the pores. The interambulacra are broader 
^d decrease much more rapidly toward the apex than in C, 
^osaceus. Anal opening tranvsersely oval, or rounded, situ- 
ated about its own diameter from the edge of the shell. 

Length of largest specimens 4*60 inches ; breadth 3*90 ; height 
-I- *15. Length of anterior petal, from the apex 1*90, its breadth 
,^2, breadth of enclosed space *50 ; length of anterior petals 1*70, 
t>rtsadth '85, breadth of enclosed space 48 ; length of posterior 
I^^tals 1-80 and 1-85, breadth '94, of enclosed space '58 and -60 ; 
diameter of anal opening -20; of actinal openmg -SS. 

Thirty-five specimens of this species are contained in the col- 
'-^^ction- They show but little variation in outline, except what 
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is due to age, though some specimens are more elevated toward 
the apex than others ; in regard to the flatness or concavity of 
the lower side there is, however, great variation^ though Dr. 
Gray used this character in dividing the genus into sections. 
The youngest specimens are 2*80 long by 210 wide, and are 
more oval in form and scarcely angular, but have the flatness 
and form of ambulacral rosette characteristic of the larger speci- 
mens, as well as the same position of the anal opening. 

From C rosaceus of the Atlantic this species differs widely, 
the former having a much more elevated and thick form, with 
broader and more obovate ambulacra, which are much more 
swollen ; the lower side is much more concave, and the anal 
opening nearer the edge. 

Some of the species described by Dr. Gray from the Indo-Pa- 
cific faunas (C Australasia^ C. testudinarius) seem to be more 
closely allied, but only a direct comparison of specimens can 
settle the true relations of these species. It may be that C, 
testudinarius is the same and its locality incorrect, its outline 
being nearly identical, but the upper siae is said to be evenly 
convex, and the l»)wer side concave from the margin. 

This species is of especial interest as the first of the genus 
known from the Pacific coast of America, although the genus 
was known to occur on nearly all other tropical coasts. 

Encope grandis Agassiz. 

Of this very distinct species there arc numerous specimens in 
the collection, varying in size from 8 inches in length by 8'20 
wide, to 4*60 inches by 4-40. There is but little variation in 
outline and general appearance, and in all the margin is thick, 
with the five large notches widely open, though in the laiger 
there appears to be a tendency to close the anterior pair. The 
posterior interambulacral opening is large and broad-oval with 
thickened borders in all, but there is a variation of more than 
50 per cent in its relative size ; the region around it is in all 
more elevated than the central region and considerably swoUea 
The form of the ambulacral rosette varies considerably. The 
three anterior petals are subequal and usually long-oval, 
obtusely roundea at the end, but in one case they are narrower 
and more elliptical, especially the odd anterior one, which is 
widest in the middle, tapering to each end, and in another they 
are broader and more dilatea outwardly than usual ; the two 
posterior ones are much longer, widest outwardly, and curr^ 
somewhat around the posterior opening, but they vary considexr- 
ably in relative width. The following are the proportions ^~ 
two extreme specimens ; 
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From abactiiial center to posterior edge, 2*20 2-20 

Center to anterior edge, 1*98 2*00 

Center to lateral edge, 2*20 2*10 

Length of anterior odd ambulacral petal, jfrom center, 1*28 1 '26 

Greatest breadth of da, '50 '68 

Breadth of its endosed area, -20 *30 

Length of antero-lateral pair, . 1*25 1*15 

Breadth of da, -60 -66 

Breadth of enclosed area, *16 -27 

Length of posterior pair, 1'65 1*56 

Breadth of do., -45 -62 

Breadth of endoeed area, *12 *20 

The brandlings of the ambulacral grooves beneath are quite 
constant in their arrangement, but the relative breadth and form 
of the enclosed areas are quite as variable as in the dorsal rosette. 
The r^on about the anal opening and around the posterior 
foramen is sometimes deeply concave or excavated; in most 
/cases slightly so ; and sometimes not at alL 

jSVu»pe Califamica Verrill, sp. nov. 

Test broad, thin at the edge, rounded anteriorlv, broadest 
behind the middle, sub-truncate or rounded posteriorly ; usually 
about as broad as long, sometimes broader than long. Apex 
behind the center. Li profile the outline descends from the 
center to the anterior edge, but rises from the center to the poste- 
rior foramen, from which it descends rapidly to the edge. The 
posterior interambulacrum is, therefore, swollen and the test is 
most elevated near its foramen. Ambulacral rosette with the 
petals long-oval, somewhat obovate, broadly rounded outwardly ; 
the anterior pair shortest and most rounded ; the odd anterior one 
somewhat longer and narrower and a little shorter than those of 
the posterior pair, which are of about the same form and not 
curved. Posterior foramen variable in form and size, usually 
ather small, regularly oval, or rounded, sometimes long oval, or 
even narrow and elongated, occasionally quite large and broad 
oval, often obovate beneath, sometimes constricted in the middla 
Ambulacral foramina also quite variable in form and size, but 
commonly small and rather regularly oval, often at a considerable 
distance m)m the margin. 

Two specimens, showing the extreme variations, give the 
following measurements : 

Length of teat, 4*75 4*30 

Breadth, 4*65 4*30 

Center to anterior edge, — 2*45 2*15 

» " anterior foramen, 1*80 1-66 

" '* lateral edge, 2*36 216 

'» «* »* foramen, 1*60 1-50 

" " posterior edge, 245 2*25 

" " postero-lateral foramen, 1*86 1*70 

" " posterior foramen, -1-15 MO 

Length of " " '67 -60 

Am. Jous. Sol— Sscond Sbbiss, Vol. XLIX, No. 145.~Jan., 1870. 

7 
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Breadth of posterior foramen, . *22 "%% 

Leng^ of anterior ambulacral petal, from oenter, 1'42 1*32 

Breadth where widest .... -66 '50 

Breadth of enclosed area, '30 '18 

Length of antero-lateral petals, _ 1'28 1*10 

Breadth, -el -60 

Breadth of enclosed area, -28 "20 

Len^ of postero-lateral petals, 1-58 1*36 

Breadth,.. -68 -53 

Breadth of enclosed area, •26 '16 

Of this species there are 74 specimens in the collection from La 
Paz, and I have seen others from Cape St Lucas. It varies 
considerably in outline, and in the form of the openings, espe- 
cially the posterior one ; the ambulacral rosette varies somewhat 
in the form of the petals, as shown by the above measurements ; 
the ambulacral grooves beneath also vary in directiorf But all 
the specimens agree in having their greatest elevation behind 
the center, or the posterior interambulacral region swollen. 
This peculiarity, which is found to depend upon a very diflFer- 
ent internal structure, will readily separate this species from R 
ocddentalis V., and from E, micropora Ag., whether those be 
the same, as Mr. A. Agassiz supposes, or not* In E, ocdden- 
talis the greatest elevation is in front of the center, and there is 
a regular slope from thence to the broad, thin, posterior edge, 
and the sections show that the wide space between the central 
cavity and the posterior foramen is nlled with a pretty firm, 
alveolary tissue having comparatively small spaces, but in 
E, Calijomica the same region is much less extensive (owing to 
the relatively larger central cavity and jaws) and is filled with 
a much less firm and more open tissue, with large cavitiea 

The difference is therefore analogous, in respect to external 
form at least, to that which separates E, Michelini irom. E. emar- 

* Mr. A. Agassiz, in the Bulletin of the Museum of Comp. Zo51og7, Na 9, pt 
266, 18(>9, says : *' from a careful comparison of specimens of E. cydopora^ mtero* 
porik, and perapectiva (Ag. species) there is no doubt that these are only nominal 
species, all identical with Verrill's K occiderUaUs." The latter is the same as R 
ikrapora Ag. (non Gmelin), but I believe Mr. Agassiz goes too far in uniting all 
these other forms into one species, for if this can be done there is no reason what- 
ever for keeping the species from the two coasts separate, for there is often mudi 
less difference Uian between some of those forms, which he has united. But since 
the localities of the types of E. micropora^ E. cyclopora^ and E. perapectiva wen 
unknown, tlie two last having been described from unique specimens, it seems to 
me more probable that some of them represent imperfectly known species from oth^ 
regions ; for such species have been recorded from Africa and other little explored 
localities. Mr. Agassiz does not state what he regards as the characteristic of the 
polymorphous species thus constituted, nor in what respect it differs from E. emoT' 
gincUa of the Atlantic, nor does it appear certain that he has examined authentic 
specimens of all these forms. Dr. Lutken referred both E micropora and £ 
grandis to the Atlantic E. emargincUa^ to which he also united E. VcUeneiennesii Ag., 
subclauaa Ag., dblonga Ag., quinquekha Esch., and E, MicheUni Ag. In regard to 
E. grandis and E. Michelini he appears to have erred, but the figures of E. mdaropom 
resemble some forms of E. emarginata more than E. occidenkiiiSf from which K cf' 
dopora and E, perspediva differ still more widely. 
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^nata^ — ^a distinction which Mr. A. Agassiz admits as valid in 
that case, where there is, however, much less difference in the 
form of the rosette and other characters. 

The only figure in the monograph by Prof Agassiz, which 
approaches this species, is that of ^. emarginata (Tab. 10\, which 
has, to some extent, the same posterior elevation. The spe- 
cimen figured was from an unknown locality, and may possibly 
represent a variety of this species rather than of the JE, emargi- 
nata of Lutken, A. Agassiz, eta, which is common on the 
Atlantic side of tropical America. 

Astropyga venusta Verrill, op. cit, p. 296. 

Two fine large specimens of this rare species are in the col- 
lection. 

The largest is 5*80 inches broad and 210 high. It was 
previously known to me only firom Panama Bay and San 
Salvador. 

Tripneustes depressus A. Ag. ; Verrill, op. cit, p. 875. 

Of this large species there were 19 specimens, with their 
spines partially preserved. They are quite variable in form, but 
mostly even more elevated than ordinary specimens of T, ventrv- 
cosus. Some are conical, others broadly rounded abova The 
name, therefore, is a decided misnomer. The largest spines on 
the upper surface of the largest specimen are '46 of an inch 
long, "04 in diameter, and rapidly taper to the acute point; 
those of the lower surface are often '60 of an inch long, '04 in 
diameter, tapering but little, the end blunt 

Several specimens give the following proportions : 

DiametBr, Qnches) 5*80 5*40 5*35 5*25 5*10 4*90 4*75 460 
Height, 3*00 3*40 2*90 3*25 2*85 2*65 2*85 2*80 

ASTROIDEA. 

Pentaceros occidentalis VerrilL 

Onaster ooddeniaMB Verrill, op. dt, p. 2*78, 1866. 

Of this hitherto rare species there are 21 specimens of various 
sizes. They show but little variation except that due to age or 
state of preservation. Some specimens are so dried as to leave 
the disk and rays plump and rounded above, while in others 
the interradial spaces are so shrunken as to make both the rays 
and disk angular. In some most of the upper and part of tne 
lower marginal plates bear small obtuse spines or tuoercles ; in 
others there are few or none of these ; the two smallest speci- 
mens have none, though others scarcely larger, have quite a 
number. The smallest specimen has the longer radius 1 inch ; 
the shorter '50. This, however, has nearly the form and all the 
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essential characters of the adult, though the spines and tuber 
cles are less numerous. 

The name of the genus, Pentaceros Gray, has priority ovei 
Oreaster M. & Tr., which was substituted on the ground tha 
the former was in use among fishes,* which I have been abL 
to confirm, although Mr. A. Aga^iz adopts it 

Among the other starfishes are Oymnasteria spinoaa Gra] 
(large); Amphiaster insignis Verrill, NidoreUia armata Gray 
Ophiaiasier pyrimidatus Gray, Linckia bi/ascialis Gray, Acan 
thasier Ellisii Verrill, Mithrcdia Bradleyi verrill, etc. 

CoKALa 
Fungia elegans Verrill, sp. nov. 

Coral when young regular and round, often becoming slightlj 
oval ; when adfult usually more or less angular, the edge ph 
cated, forming six to twelve lobes. The upper surface become 
very convex m mature specimens and the lower surface deeplj 
concave and covered with .very numerous, fine, subequal 
elevated costae, which are finely dentate on the outer naif 
becoming nearly entire and very faint toward the center, whicl 
usually shows the scar where attached when young. Septo 
thick and rather crowded, very unequal, the six primaries verj 
prominent and thick at the inner end; those of succeeding 
cycles successively shorter and less elevated. Edges of septa 
unevenly crenulate, or finely dentate. Columella slightlj 
developed, loosely spongy ; median fosette small, narrow, elon 
gated, the two septa in the direction of its longer diametei 
much less elevated and thinner than the rest TrabiculaB stout, 
conspicuous, often coalescing into continuous transverse plates, 

The smallest unattached specimens are "90 of an inch oroad 
by '85 high; ordinary specimens are 1'90 broad by 1*10 high; 
the largest 2-35 by 1-20. 

This is a small and very distinct species, remarkable as the 
first one of the genus described from America. 

Among the other corals are Podllipora capiUita V., P, capitaia^ 
var.porosaY,, Gcenopsammia tenuilamelloaaK & H., Porites (twc 
species), Stephanaria stdlata V., OaUipodtum Pacijicum V., JEi*- 
gorgia aurantiaca V., M, nobilis, var. excelsa V., Leptogorgic 
rigida V., L, Agasstzii V., L. media V., Muricea austera V., M, 
appressa V., etc. Most of these are represented by numerous 
laige and beautiftd specimens. 

* Ouvier and YaL, toL iii, p. 30, 1828; Guntlier, CataL Fishies Britiflh ICoBeiiB 
i, p. 212. 
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Art. XIV. — Note on the Generic relations and Synonymy of the 
Common Sea-urchin of New England {Euryeaiinus Drolmchi- 
ensis Verrill) ; by A. E. Vebrill. 

This common sea-urchin, whicli is found upon the northern 
coasts of Europe, and both upon the Atlantic and Pacific coasts 
of northern America, was referred to the genus Echinus by all 
writers up to 1846, but under various specific names : E. Dr'obach- 
iensis MiilL, E, neglectushsim..^ E, granularis Say, E. chlorocentrotus 
Brandt, etc. Prof. Agassiz, in the introduction to his mono- 
graph of the ScutelUdse, p. 7, 1841, proposed several new 
subdivisions of Echinus^ merely giving genenc names and citing 
"les types." Among these was Toxo;j^neustes with " E.pileolus 
as its type. But afferward, in the mtroduction to Valentin's 
Anatomy of the genus Echinus^ Dec., 1841, he revised the genus 
then known as Echinus^ and made many judicious and neces- 
sary changes. At that time he separated and characterized the 
genera, Temrwpleurus^ TripneusteSj Amblwpneustes, HolopneusteSj 
Slomopneustes, and Toocopneu^stes* For tne last he here takes 
for type, the JSchinus tuberculatus. The genus Echinus he 
restricted (p. ii) so as to include only " the species near Echi- 
nus escuientus, and which have, like it, the ambulacra formed of 
several arched series of pores disposed in pairs." To this group 
he referred all the European species, including not only E. Melo, 
E. esculentuSj E. Flemingiij E granularis^ K brevispinosus, E. 
(jdquiiubercuUUus, E. miliaris^ etc., but also E. neglectus {Drohach- 
iensis) and E. lividus, which now constitute my genus Euryechi- 
nus. It is plain, therefore, that at that time the genus Toocop- 
neustes had nothing to do with such species as I have called 
Euryechinus. Later, in the Catalogue Kaisonn(5, 1846, Toxop- 
neustes (sub-genus) was extended so as to include, in addition to 
the typical species, several previously placed by Agassiz in 
Echinus. Still later Desor removed part of the species thus 
erroneously added, under the name of Sphosrechinus^ but he 
still left in it Drobachiensis and lividus. Therefore as these were 
evidently generically distinct from the typical Toxopneustes and 
had received no generic name, I formerly proposed that of 
EurychinfAs^\ and gave my reasons in detail. 

^ The foUowingr is the description: Le g^nre Tbxopnmutea a des ambulacres 
form^ de series arquees de doubles pores, conyergeant vers le milieu des aires et 
s^piu^s pcff des rangees paraU^les de potits pore& Chaque s^rie arqu^ se com- 
pose de six A neuf paires de pores. Vers la bouche il y en a moins ; mais elles 
soiit plus rapproch^s. Les tubercules des series principales sent assez glands ; 
l*ouverture inferieure du test offre dix ^hancrures pou profondes. Je prends 
pour type de oe genre VEc^ntu tubercukihu] j*en oonnais quelques esp^ces inedites.*' 

f Proc. Boston Society Nat Hist, x, p. 341, 1866, and Transact Connecticut 
Acad., Ij p. 394, 1867. 
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To any unprejudiced person it will be evident from this 
statement that, as left by Desor after his latest restrictions, 
Toxopneustes included two generic groups, one of which was 
the original and typical Toxopneustes of 1841, the other an 
unnamed genus, {Euryechinus). The fact that Mr. A. Agassiz, 
apparently overlooking the true state of the case, renamed in 
1862 the original Toxopneustes section, calling it Toococidaris^ 
cannot affect the matter in the least, since in this instance there 
can be no doubt as to which group was originally designated 
by the name, Toxopneustes, Yet Mr. Agassiz in a recent paper* 
goes considerably out of his way to bring up this matter again, 
and inserts the following note under Echinometra Michelini: 

" I cannot aee the propriety of the changes made by Verrill in the 
limitation of Toxopneustes, by substituting Euryechinus for a group of 
Echini, which are perfectly well known by all writers on Echinoderais 
as Toxopneustes. For the following reasons it seems to roe, even g^an^ 
ing all his premises, that the changes he proposes are not warranted. 
The type of the genus at the time the Monog. d. Echinides was written 
was never used in the restricted sense now common, but was coextensive 
with a group of species. When Toxopneustes was first proposed, it 
was applied to a so-called typical species which future investigations 
showed did not belong to the genus. The author took the earliest oppor- 
, tunity possible to point out his mistake by substituting for it another 
type, and giving a description which applies not only to ToxocidarU as 
Mr, Verrill would have it, hut also to all the species since removed as 
Sphcerechinus by Desor. Desor, who had edited the Catalogue Rai- 
8onn6, and probably knew accurately what group of Echini was defined 
as Toxopneustes, was the first, in his Synopsis, to limit Toxopnuestes by 
removing from it certain species as Sphaerechinus, and restrict Toxop- 
neustes to such forms as (71 neglectus) T, drohachiensis Ag,, but still 
including the species which I have since, in the Bulletin of the Museum, 
separated as Toxocidaris. All theae limitations, even were they not 
accepted, have the priority over a similar limitation which Verrill makes 
twelve years after a proper limitation of the genus has been recognized, 
and eighteen years after a mistake (upon which Mr. Verrill bases the 
whole of his proposed changes) has been corrected by the author him- 
self; nothing, moreover, is gained in accuracy by the change proposed 
by Verrill, T. tuberculatus being probably only a nominal species, and 
one concerning which we have, at any rate, no authentic information 
sufficient to form the basis of a sweeping reform. At the present rate 
of retrospective application of the laws of priority, we are fast drifting 
into the most absurd anachronism by applying the present condition of 
our knowledge of any group to works written twenty or thirty years ago 
in an entirely different spirit, when the idea of type, genera, etc., had a 
totally distinct signification from what it has at the present day.** 

A formal reply to this is perhaps unnecessary, yet I would 
venture the following remarts : 

^ Bulletin of the Museum of Comp. Zoology, No. 9, p. 260, November, 1869. 
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1. I am not aware that any other zoologist has denied the 
validity of " type-species " (especially when particularly desig- 
nated as such) in works even much earlier than 1841. 

2. Even if the original description of Toxopneustes would 
include SphcerechinuSj yet, as I have explained above, Agassiz 
himself referred the species of the latter to Uchiniis in the same 
article, and he probably knew accurately what group was defined 
as Toxopneustes at thai time. 

3. All the " limitations " by Desor, which are said to have 
priority over mine, I have always admitted and adopted. 

4. I do not base any changes upon " a mistake," lor whether 
" E. pHeolus " or " £. tuherculaius " be taken as the type of Toxop- 
neustes^ the claims of Euryechinus remain unaffected, and I have, 
when making the change, distinctly stated my conviction that 
the reference to E, pikolus should not be regarded, and have 
adopted Toxopneustes in place of Toxocidaris A. Ag. (See Trans. 
Conn. Acad.). 

5. Whether E. tuherculaius be " a nominal species " does not 
affect the character of the genus to which it belongs. 

6. I know of no more fruitful source of confusion than the 
transferring of a name from the group to which it originally 
belonged to another totally distinct from it, and re-naming the 
first group. 

7. Had Mr. Agassiz, before naming Toxocidaris^ looked a lit- 
tle more closely into the early synonymy of Toxopneustes^ all 
conftision in this case might have been avoided. 

8. The fact that there is d^ future for zoological nomenclature, 
as well as e^past^ should not be forgotten, nor that a just and 
reasonable application of the universally recognized law of pri- 
ority is the surest way of securing future stability. 



Art. XV. — On the Early Stages of Brachiopods ; by E. S. 

Morse.* 

The writer made a visit to Eastport, Maine, early in the 
summer, for the purpose of discovermg the early stages of a 
species of Brachiopod {Terehratulina septentrioncuis Couth.) so 
aoundant in those waters. As little has been known regarding 
the early stages of this class of animals the facts here presentea 
will be of interest, as settling beyond a doubt their intimate 
relations with the Polyzoa. As the subject will be fully pre- 
sented at the meeting of the American Association, only the 
more important features will be mentioned here. In a few 
individuals the ovaries were found partially filled with eggs. 

♦ From the American Naturalist, September, 1869. 
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The eggs (fig. 1) were kidney-shaped, and resembled tl 
statoblasts of Fredericella. No intermediate stages were see 
between the eggs and the form represented in fig. 2. Th 

1. 2. 3. 4. 5. 6. 7. 






stage recalled in general proportions Megerlia or Argiope : 
being transversely oval, in having the hinge-margin wide at 
straight and in the large foramen. Between this stage and tl 
next the shell elongates until we have a form remarkably lil 
Lingula (fig. S\ having, like Lingula, a peduncle longer tha 
the shell, by wnich it holds fast to the rock. It suggests ak 
in its movements the nervously acting Pedicellina. 

In this and the several succeeding stages, the mouth poin 
directly backward (forward of authors^ or away firom tl 
peduncular end (fig. 4), and is surrounaed by a few ciliat< 
cirri, which forcibly recall certain Polyzoa. The stomach ai 
intestine form a simple chamber, alternating in their contra 
tions and forcing the particles of food from one portion to tl 
other. At this time also the brownish appearance of the wal 
of the stomach resembles the hepatic folds of the Polyzo 
Fig. 5 shows a more advanced stage, where a fold is seen c 
each side of the stomach ; from this fold the complicated liv( 
of the adult is developed, first, by a few diverticular appe 
dages, as seen in fig. 6. 

When the animal is about one-eighth of an inch in lengi 
the lophophore begins to assume the horse-shoe shaped form 
Pectinatella and other high Polyzoa. The mouth at this staj 
(fig. 6) begins to turn toward the dorsal valve (ventral 
authors), and as the central lobes of the lophophore begin 
develop, the lateral arms are deflected, as in fig. 7. In the 
stages an epiatome is very marked, and it was noticed that tl 
end of the intestine was held to the mantle by attachment, ; 
in the adult, reminding one of the funiculus in the Phylactok 
mata. No traces of an anus were discovered, though mar 
specimens were carefully examined under high powers for th 
purpose, the intestine of the adult being repeatedly ruptun 
under the compressor without showing any evidence of an an 
aperture. 
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Abt. XVL — On the existence of a Orocodile in Florida ; by 

Jeffries Wyman, M.D. 

It has been shown by diflferent paleontologists, especially by 
Dr. Leidy and Prof. Cope, that several species of Cfrocodilians 
existed in North Amenca during the Cretaceous and Miocene 

Eerioda, all of which became extinct At the present time two 
ring species of true Crocodiles, viz : C acutus and 0. rhombffer, 
are known in South America, and both range as far north as 
Cuba and San Domingo, but we have not been able to find a 
record of the presence of either of them within the limits of 
the United States, the Alligator being the only representative 
of the fieuoiily to which it belongs. 

While a guest of J. M. Forbes, Esq., on board the yacht 
Azalea, I had an opportunity of visiting Key Biscayne Bay 
in March, 1869, and while there Mr. William H. Hunt, of Miami, 
presented me the cranium here described. The animal to 
which it belonged, as I was told by the person who killed it, 
was shot near tne mouth of the Miami river, which opens into 
the above mentioned bay. I was also informed that another 
had been killed in the same neighborhood. 

The len^h of the head (from the alveoli of the incisors to 
the end of the occipital condyle) is 462"™, and the greatest 
breadth 191"". The whole number of teeth is 68, viz : i|=}{ ; 
in the upper jaw the 4th and 10th, and in the lower the 4th 
and Uth are the longest The first 12 teeth above and the first 
11 below have the enamel fluted, and in both jaws the teeth 
behind these are marked with finely reticulated grooves. 
These hinder teeth are shorter and blunter, and thus more 
closely resemble the teeth of the alligator. The upper jaw is 
strongly convex and protuberant along the back of its middle 
portion. 

When compared with a somewhat larger head of the 0. acutus 
from South America (length 462"% breadth 211""), the Flor- 
ida specimen closely agrees with it in the above as well as 
8ome other particulars. The following table shows some dif- 
ferences, however, relating chiefly to the proportion of the 
breadth to the length. In the table the length is assumed to 
be 1-000, and the measurements are in fractions of the length. 

. South America. Florida. 

WMtert breadth of craniom 0456 0-483 

Wth of palatine opening 214 0*210 

Breadth " " 0*075 086 



across pteiygoidB 0*300 0*313 

Breadth at 4th tooth 0162 0*169 

Breadth at 10th tooth 0*218 0*236 

Breadth at contraction behind 6th tooth- 0*123 0*131 

Breadth at contraction behind 12th tooth 0*190 0*810 
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In the South American specimen the markings of the sur- 
face of the bone consist chienj of pits, while in the Florida speci- 
men the markings are more m the form of grooves. In the first 
the parietal foramina are separated by a flat surface of bone 15 
millimeters wide, while in tne second there is only a blunt ridga 
In this last also the lower jaw is somewhat longer, and its hinder 
part less recurved. The Florida specimen being the smallest 
IS assumed to be the youngest ; the diflferences of proportion 
above referred to may therefore depend upon age, as in young 
individuals the breadth is relatively greatest In view of this 
we find no sufficient reason for considering the Florida speci- 
men as belonging to any other than the sharp-nosed species 
(C acutus). This conclusion is still further supported by a 
portion of the skin of the neck, which is preserved, and in 
which the nuchal plates are the same as in the species just 
named. 



SCIENTIFIC INTELLIGENCE. 

I. PHYSICS AND CHBMISTBT. 

1. On the emission and absorption of heat radiated ai low tem- 
peratures, — Magnus has communicated to the Royal Academy of 
Sciences in Berlin an important memoir on radiant heat, the prin- 
cipal results of which are, in the author's own words, as follows : 

(1.) Different substances heated to 160** C. radiate different kinds 
of heat. 

(2.) There are bodies which radiate only one kind of heat and 
others which radiate many kinds. 

(3.) Perfectly pure rock salt belongs to the first class. Just as 
its ignited vapor or that of one of its constituents, sodium, sends 
out only one color, so this, even at 150° C, radiates only one kind 
of heat. It is monothermic, as its vapor is monochromatic 

(4.) Rock salt absorbs the heat radiated by rock salt in great 
quantity and more strongly than that of sylvin (KCl) and other 
kinds of heat. It therefore does not, as Melloni and Knoblauch 
su{)pose, permit all kinds of heat to pass through with equal 
facility. 

(5.) The absorption of heat by rock salt increases with the 
thickness of the absorbing plate. 

(6.) The great diathermancy of rock salt does not depend upon 
a small absorbing power for different kinds of heat, but upon the 
fact that it only radiates a single kind of heat, and consequently 
also absorbs only this, and that almost all other bodies at the tem- 
perature of 160 C. send out heat which contains only a small po^ 
tion or none of the rays which are radiated by rock salt. 

(7.) Sylvin behaves like rock salt but is not monothermic in an 
equal degree. In this also we trace the analogy with its own 
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ignited yapors or with those of potassium, which, as is well known, 
gives an almost continuous spectrum. 

(8.) Fluorspar almost completely absorbs pure rock salt heat. 
We ought therefore to expect that the heat which it radiates 
should be strongly absorbed by rock salt. Nevertheless ^Oper 
<»nt of it pass through a rock salt plate of 20"*°^ thickness. With 
reference to the sum of the heat which fluorspar radiates, which 
is more than three times greater than that irom rock salt, this 
phenomenon may be explamed, but the subject requires further 
investigation. 

(9.) If it were possible to form a spectrum of the heat radiated 
at 150** C, this spectrum, if rock salt were the radiating body, 
would contain only one band. K sylvin were used for radiating, 
the spectrum would be more extended, but would still occupy onfy 
a small portion of the spectrum which would be produced oy the 
heat radiated from lamp black. — Pogg. Ann,, cxxxviii, 333. 

w. G. 
2. On the reflection of heat at the surface of fluorspar and other 
bodies, — In a second paper, Magnus remarks that the newly dis- 
covered property of rock salt and other substances of sending out 
at 150° U. rays of but one or but few wave lengths makes it possi- 
hle to institute experiments on the reflection of non-metallic sur- 
fiices The results of experiments have distinctly shown that such 
surfaces reflect different kinds of heat, or heat rays of different 
wave lengths, in very different degrees. A remarkaole illustration 
is furnished by fluorspar. Of the heat radiated by different sub- 
stances and received at an angle of 45°, quantities differing but 
little in amount are reflected by the following bodies : 

Silver, from 83 to 90 per cent. 



Glass, 


(( 


6 to 14 


Rocksalt, 


C( 


6 to 12 


Fluorspar, 


(( 


6 to 10 



(( 



But fluorspar reflects 28-30 per cent of the heat from rock salt, 
while silver, glass and rock salt reflect no greater propoition of 
tills than of other kinds of heat. Fluorspar reflects from 16 to 17 
per cent of the heat from sylvin, which confirms the result deduced 
ffom the transmission of heat. To an eye which could distinguish 
the different wave lengths of heat, as well as the colors of light, 
fluorspar would appear brighter than other substances if all were 
illuminated at the same time by rajs from rock salt. The same 
would be the case if rays from sylvin were incident, only in this 
case the fluorspar would be less bright. As the experiments of 
Magnus established the fact that even at 150° C. different substances 
aen^ out very different kinds of heat, it follows that in every 
apace an extraordinary number of different wave lengths are con- 
tinually crossing each other. This variety of intersection is fur- 
ther greatly increased by the elective reflection which takes place 
at the different surfaces. An eye which could distinguish different 
wave lengths of heat, like the colors of light, would see all objects 
in the greatest variety of colors without any sensible heating of 
the objects themselves. — Pogg. Ann., cxxxviii, 174. w. g. 
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8. On the heat of the stars. — Mr. Hugginb has endea 
determine whether a measurable amount of heat in radia 
the fixed stars. The incident rays were received upon th 
glass of a telescope of 8 inches aperture, in the focus of w 
placed the surface of a thermo-electric pile consisting, for 
one or two pairs, for the moon, of 24 pairs. An astatic ^t 
eter of great delicacy was employed. The thermo-electric 
enclosed in casings of pasteboard stuffed yrith cotton so : 
elude all changes of temperature as much as possible. Th 
describes the minute precautions taken, for which we musi 
his paper. The telescopy could be directed to a star by i 
the finder, the needle being at rest, and the image of the 
by clockwork upon the face of the pile. It was found that tl 
almost always oegan to move as soon as the image fell t 
pile, and that when the telescope was then directed to the 
the star the needle usually began, after a minute or two, t 
to its original position. From 12 to 20 observations we 
upon the same star, and these observations repeated < 
nights. In this manner observations of Sirius gave a dev 
the needle of 2® ; those of Pollux 1-J°. Castor gave no d< 
Regulus a deviation of 8° and Arcturus in 15 mmutes als* 

Observations of the full moon did not give correspoi 
reliable results. The results obtained with the stars 
strictly comparable, as it is uncertain whether the sens 
of the galvanometer was always the same. — Proceeding 
Royal Society^ No. 109, 1869. 

4. On new stdphur salts. — Schneider has discovered 
scribed a remarkable series of sulphur salts which are fo 
simply fhsing together certain metals in the form of pow 
sulphur and potassic carbonate. Sulphid of iron and p 
is formed by fosing together 1 part of pulverized iron, 6 
dry potassic carbonate and 6 parts of sulphur, until the i 
become uniformly and (juietly fused. Water diffuses i 
cooled mass much potassic sulphite and hyposulphite an 
the new compound in crystals. The new salt nas the 
KaS.PejSj or atomistically, 

S-K 

S=i'e/»=S 

It forms long flexible needles of brilliant luster and purpl 
color. At ordinary temperatures it is permanent. Ac: 
when very dilute decompose this body easily with evol 
hydric sulphid and separation of sulphur. Heated in a c 
hydrogen it loses one atom of sulphur preserving its lu 
crystalline structure. The new compound has the formu 
2Fe&, or, 

S— K 

i^e»^=S 
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Schneider considers it probable that in fiising ferric oxyd with 
potassic or sodic carbonate similar compounds, containing oxygen 
in place of snlphor, are formed. 

When bismuth is used in the above process in place of iron, 

delicate light steel gray brilliant crystalline needles are formed 

which have the formula 613X2^4, or, 

S=iia^*=S 

i-K 
This compound is easily and completely decomposed by chlorhy- 
dric acid with evolution of hydric sulphid. The author has 
obtained similar compounds containing copper, iron and copper, 
and platinum. They are beautifully crystalline and will form the 
subject of future more extended description. — Pogg, Ann,y B. 136, 
p. 460. w. G. 

5. On a new series of crystcUlized platinum compounds, — By 
the action of stannous chlorid upon platinic chlorid, Schneider 
obtained a substance having probably the empirical formula, 
NajPtaSn^Og, which though not yet thoroughly studied, forms 
the starting point from which the author obtained some very 
remarkable new compounds. When an intimate mixture of 4 parts 
of the above compound, 6 of potassic carbonate and 8 or 10 of sul- 
phur are fused together, and the cold fused mass is treated with 
water, a cochineal red crystalline powder remains, easily obtained 
pure by washing. Under the microscope this compound is seeu to 
oonsiat of sharply defined six-sided tables of an almost metallic lus- 
ter, which vary in color, according to their thickness, from light yel- 
lowish red to deep garnet red. The crystals are insoluble in water 
and unchanged by it. Dilute chlorhydric acid colors them at once 
dark greyish-black and takes up potash, but without evolution of 
any gas whatever. The residue is free ^om potash and is not at- 
tacked by boiling chlorhydric or nitric acid and but slowly by aqua 
legia. The ori^pnal red bodywhen heated in a current of hydro- 
gen loses f of its sulphur. The residue then gives up potash to 
chlorhydric aoid, and the residue thus obtained loses all the re- 
nudning sulphur, when heated in hydrogen, and leaves a mixture 
of tin and platinum. From this it appears that the last i of 
the sulphur is retained through the influence of the potash. The 
direct expression of the results of the analysis of the red compound 
is Sn O K PtgSg. The simplest atomistic formula appears to be 
the following : 

Pt»— S 

Sn»^=4, 

:^t»^= kj, 

I^t"— ^ 
The action of chlorhydric acid on this salt is then readily explained, 
*Uice, without writmg the whole formula, we see at once that 



I 
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KjO + 2HC1=H3 e -I-2KCL The residue must therefore have the 
formula, 

Pt" — S 

r't" -4 

The action of hydrogen upon the new compound may then be 
expressed by the equation : 

R»»-S Pt 

i>t»^=fea Pt»— S 

ka ^+8H=4H2S+i:a 4 

i^»»— f!^ Pt 

Hence the residue consists of metallic platinum mixed with a 
simple oxy-sulpho salt in which tin and platinum are now diatomic 
The action of chlorhydric acid on the oxy-sulpho salt may .be 
represented by the equation : 

Pt"— S 

k, 4+2HCL=Hae+2KCl+J"" % 

The last term when heated in hjdrogen then gives hydric sulphid 
and a mixture of tin and platmum. The corresponding soaium 
salt may be obtained in the same manner and closely resembles the 
potassic compound. — Pogg, Ann.y cxxxvi, p. 105. w. g. 

7. Contributions to a knowledge of conjugate bodies in inof' 
ganic Chemistry, — Under this title Blomstrand has communica- 
ted a number of interesting notices of what mav be termed atomic 
aggregation. Platino-cyanid of potassium takes up two atomfl 
of iodine with great facility, forming an iodo-platinocyanid, 
K2Cy4Pt+l2=K«Cy^Ptla, which crystallizes in lar^ brilliant 
brown crystals. (Jhlonne and bromine displace the iodine, forming 
a corresponding chlorid and bromid, the former being the salt de- 
scribed by Knop. The corresponding salts of other positive metals 
are easily obtamed. Iodine m like manner unites directly with 
auro-cyanid of potassium forming long brilliant brown needles, 
KCyjAuIj. Similar compounds of chlorine and bromine also 
exist. Double nitrite of jjlatinous oxyd and platinum, KjPt 
(N02)4, also takes up chlorine and bromine readily, forming yel- 
low crystalline salts which the author formulates as follows : 

(K-e— Ne=Ne-e)2Ptciji and (R-e-Ne=Ne-e)oPtBr,. 

Blomstrand regards the ammonia-nitrite of Lang ^NH3)2Pt 
(^02)2 as an intermediate term between the ammonia and the 
nitrous series and gives it the formula (HjNzrNO— 0)2Pt. This 
salt also unites with chlorine and bromine, forming very beautiful 
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crystals. The bromid has the formula (H,N=NO— 0)aPtBr2 
and is the bromid of a true base in which the bromine may be 
replaced by oxygen acids. The author terms the base plato-nitros- 
amin. The paper contains many interesting and instructive illus- 
trations of the author^s peculiar views of the qualitative influence 
produced on compounds by the substitution of electro-positive or 
electro-negative elements — ^views which are set forth with much 
clearness and force in his recently published work " Die Chemie der 
ieiTXtj^iV'^^Benchte der J)eut8chen Chemischen Geaellscha/t, 1869, 
No. 9, p. 202. w. G. 

IL MINERALOGY AND GEOLOGY. 

1. On the Surface Geology of the Basin of ths Great Lakes^ 
md the Valley of the Miseissippi ; by Db. J. S. N jkwbeery, 
(Ann. Lye. Nat. Hist. N. York, ix, 213, 1869). — In this important 
paper the author, after reviewing the general facts with regard to 
the drift, remarks as follows on the history of the era : 

" Ist. — ^That in a period probably synchronous with the glacial 
epoch of Europe, — at least corresponding to it in the sequence 
of events, — ^the northern half of the continent of North America 
had a climate comparable with that of Greenland ; so cold, that 
wherever there was a copious precipitation of moisture from 
oceanic evaporation, that moisture was congealed and formed 
ghiciers which flowed by various routes toward the sea. 

" 2nd. — ^That the courses of these ancient glaciers corresponded 
in a general way with the present channels of drainage. The di- 
rection of the glacial Arrows proves that one of these ice rivers 
flowed from Lake Huron, along a channel now filled with drift, 
and known to be at least 150 ^et deep, into Lake Erie, which was 
then not a lake, but an excavated valley into which the streams of 
northern Ohio flowed, 100 feet or more below the present lake 
leveL Following the line of the major axis of Lake Erie to near 
its eastern extremity, here turning northeast, this glacier passed 
through some channel on the Canadian side, now filled up, into 
Lake Ontario, and thence found its way to the sea either dv the 
St. Lawrence or by the Mohawk and Hudson. Another glacier 
occupied the bed of Lake Michigan, having an outlet southward 
through a channel — now concealed by the heavy beds of drift 
which occupy the surface about the south end of the lake — pass- 
mg near Bloomington, DL, and by some route yet unknown reach- 
ing the trough of the Mississippi, which was then much deeper 
than at present. 

"3rd. — At this period the continent must have been several 
hundred feet higher than now, as is proved by the deepl]^ exca- 
vated channels of the Columbia, Golden Gate, Mississippi, Hud- 
son, Ac, which could never have been cut by the streams that 
now occupy them, unless flowing with greater rapidity and at a 
lower level than they now do." 

After further explanations he takes up the subject of the Drift 
DeposiU. 
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''The Drift deposits which cover the glacial surface, consistia; 
of fine clays below, sands and gravel above, large transporte 
boulders on the suiiace, and the series of lake ridges (beaches) ovc 
all, form a sequence of phenomena of which the history is easil 
read. 

"The lower series of blue or red clays — ^the 'Erie clays' of Si 
William Logan — over a very large area, rest directly on the planei 
and polished rock surfaces. These clays are often accurately strat 
ified, were apparently deposited in deep and generally quiet watei 
and mark a period when the glacial ice-masses, melted by a chang* 
of climate, retreated northward, leaving large bodies of cold, ^eeH 
water about their southern margins, in which the mud prodnce( 
by their grinding action on the paleozoic rocks of the Lake Dis 
trict was first suspended and then deposited. 

" On the shores of Lake Erie these clays contain no boulders 
and very few pebbles, while farther north and west boulders an 
more abundant. This is precisely what might be expected firon 
the known action of glacial masses on the surfaces over which the] 
pass. Their legitimate work is to grind to powder the rock on 
which they rest ; an efiect largely due to the sand which gathen 
under them, acting as emery on a lead wheeL The water flowing 
from beneath glaciers is always milky and turbid from this cause. 
Rocks and boulders are sometimes frozen into glaciers, and thu 
transported by them, but nearly all the boulders carried along bj 
a glacier are such as have fallen from above ; and a moraine can 
hardly be formed by a glacier except when there are clifib and 
pinnacles along its course. 

"In a nearly level country, composed of sedimentary rocfa 
passed over by a glacier, we should have very little debris prch 
duced by it, except the mud flour which it grinda 

*' The Erie clays would necessarily receive any gravel or stones 
which had been frozen into the ice, either as scattered pebbles (X 
stones, distributed to some distance from the glacial mass by float- 
ing fragments of ice, or as masses of frozen gravel, or larger and 
more numerous boulders near the glacier. In some localities to^ 
rents would pour from the sides and from beneath the glacier, lO 
that here coarse material would alone resist the rapid motion of 
the water, and the stratification of the sediments would be more 
or less confused." 

The author next mentions the evidence of a general subsidence^ 
greater to the north, and an ameliorated climate, as succeeding to 
the Glacial era; and then makes the following observations oft 
the " Yellow Sands and Surface BouLders?'* 

" I have mentioned that on the Erie clays are beds of gravel, 
sand and clay, and over these again great numbers of transported 
boulders, often of large size and of northern and remote origin. 

"These surface deposits have been frequently referred to as the 
direct and normal product of glacial action, the materials torn up 
and scraped ofl* by the great ice ploughs in their long journeys 
from the North ; in fact, as some sort of huge terminiu and lat- 
eral moraines. I have, however, disproved, as I think, this theory 
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of their transportation in a paper pablished some years dince 
^otes on the Surface Geology of the Basin of the Great Lakes. 
Proc. Best Nat. Hist. Soo., 1863)^ in which it is nrged that the 
continuous sheet of the Erie clays upon which they rest, and which 
fonns an unbroken belt between them and their place of origin, 
preclndes the idea that they have been transported by any ice- 
current or rash of water moving over the glacial surface : as either 
of these most have torn up and scattered the soft clays below. 

^ There is, indeed, no otner conclusion deducible from the facts 
than that these sands, gravels, granite and greenstone boulders — 
masses of native copper, Ac, which compose the superficial Drift 
deposits — have been floated to their resting places, and that the 
floating agent has been ice, in the form of icebergs ; in short, that 
these materials have been transported and scattered over the bot- 
tom and alon^ the south shore of our ancient inland sea iust as 
nmilar materials are now being scattered over the banks and 
shores of Newfoundland. 

** If we restore in imaeination this inland sea, which we have 
proved once filled the basm of the lakes, gradually displacing the 
retreating glaciers, we are inevitably led to a time in the history 
of this region when the southern shore of this sea was formed by 
the highlands of Ohio, &a, the northern shore a wall of ice rest- 
ing on the hills of crystalline and trappean rocks, about Lake Su- 
perior and Lake Huron. 

** From this ice-wall masses must from time to time have been 
detached, — just as they are now detached from the Humboldt 
Glacier,—- and floated on southward with the current, bearing in 
their grasp sand, gravel and boulders — ^whatever composed the 
beach from which they sailed. Five hundi*ed miles south they 
sronnded.upon the southern shore ; the highlands of now Western 
New York, Pennsylvania and Ohio, or the shallows of the prairie 
region of Indiana, Illinois and Iowa ; there melting away and 
depositing their entire loads — as I have sometimes seen them, a 
thoasand or more boulders on a few acres, resting on the £rie 
gUjs and looking in the distance like flocks of sheep — or dropping 
here and there a stone and floating on east^ or west, till wholly 
disonated 

"These boulders include representatives of nearly all the rocks of 
the Lake Superior country, conspicuous among wmch are granites 
with rose-colored orthoclase, in*ay gneiss, and diorites, all charac- 
teristic of the Laurentian 8C ie.'^ ; hornblendic rocks, massive or 
schistose, and dark greenish or bluish siliceous slates, probably 
from the Huronian ; dolorites and masses of native copper appa- 
rently from the Keweenaw Point copper region. 

** In the Drift gravels I have found pebbles and small boulders of 
nearly all the paleozoic rocks of the lake basin, containing their 
characteristic fossils, viz : the Calciferous Sandrock with Jfaclu- 
rea, Trenton and Hudson with Anibonychia radiata, Cyrtolites 
ornatfiBs Medina with Pleurotomaria litorea^ Comiferous with 
Am. Joub. Sci.— Second Sbribs, Vol. XLIX, No 145.— Jan., 1870. 

8 
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Conocardium trigonale^ Atrypa reticularis^ Fav<mtee polynior^ 
Hamilton with l^irifer miccronatus, &c. 

^' The granite boulders are often of large size, sometimes six 
and more in diameter, and generally rounded. 

" Along the southern margin of the Drift area, especially on 
slopes of the highlands of Northern Ohio, the Drift sands 
gravels are of considerable thickness, forming hills of 100 fee 
more in height, generally stratified, but often without any vif 
arrangement. These deposits are very unevenly distributed, ^ 
a rolling surface frequently forming local basins, which hold 
little lakelets or sphagnous marshes so characteristic of the rej 
referred to. These are the beds to which I have alluded as co; 
tuting, in the opinion of some geologists, a great glacial mon 
but from the fact that they are locally stratified, and overlie 
older blue clays, I have regarded them as transported, not 
glaciers but by icebergs. 

" Possibly some part of this Drift material may have accuma]] 
along the margin of the great glacier, moved dv its agency; 
in that case we should expect to find in it abundant fragment 
the rocks which outcrop in the region under considemtiou, whe 
I have rarely, if ever, seen in these Drift gravels any represe 
tives of the rocks underlying the South margin of the lake bas 

" By whatever agency transported, the Drift gravels have, 
the boulders, for the most part come from some remote point at 
North, and were once spread broadcast along the soutnem si 
of the inland iceberg-bearing sea. 

" In the retreat of the shore line during the contraction of 
water surface down to its present area, every part of the slop 
the southern shore, between the present water surface and 
highest lake level of former times, i, e., all within a vertical hei 
of 300 feet or more, must in turn have been submitted to 
action of the shore waves, rain and rivers, by which if, as is pi 
able, the retrograde movement of the water line was slow, th 
loose materials would be rolled, ground, sorted, sifted and shifi 
so that comparatively little would be left in its original beddii 
the fine materials, clay and sand, would be washed out and can 
farther and still farther into the lake basin, and spread over 
bottom, to form, in short, the upper sand layers of the Drift." 

Dr. Newberry closes with remarks on the origin of the gi 
lakes, in which he states his conclusion that : 

^' 1st. Lake Superior lies in a synclinal trough, and its mod< 
formation therefore hardly admits of question, though its si 
are deeply scored with ice-marks, and its form and area may h) 
been somewhat modified by this agent. 

" 2d. Lake Huron, Lake Michigan, Lake Erie, and Lake Ontai 
are excavated basins wrought out of once continuous sheets 
sedimentary strata, by a mechanical agent, and that ice or wal 
or both." 
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2. On the Nature and Cause qf the Glacial Climate ;• by Joseph 
John Murphy, Esq., F.G.S. (Q. J. Geol. Soc, xxv, 360, 1869). — 
In the present paper I purpose to show how far I agree with, and 
where I differ firom, Mr. Croll as to the views on the cause of the 
glacial climate set forth in his paper in the * Philosophical Maga- 
ane ' for August, 1864. 

Mr. Croll's conclusions may be stated in the three following 
propositions : — 

1. A glacial period occurs when the eccentricity of the earth's 
orbit is at a maximum, and the solstices fall when the earth is in 
perihelio and in aphelio. 

2. Only one hemisphere, the northern or the southern, has a 
glacial climate at the same time. 

8. The glaciated hemisphere is that of which the winter occurs 
in aphelio. 

I agree with Mr. Croll as to the first two propositions, but differ 
as to the third. I believe that the glaciated hemisphere is that of 
which the summer occurs in aphelio. 

The following propositions are self-evident when stated: — 

When the eccentricity of the earth's orbit is very considerable, 
and the winter of either hemisphere occurs in perihelio and its 
ntmmer in aphelio, the nearness of the sun in winter will cause a 
mild winter, and his remoteness in summer will cause a cool 
rammer. 

Conversely, in the opposite hemisphere at the same time, the 
winter will occur in aphelio and the summer in perihelio : the re- 
moteness of the sun in winter will cause a cold winter, and his 
nearness in summer will cause a hot summer. 

Suppose, for instance, that when the eccentricity of the earth's 
orbit is much greater than at present, the midwinter of the Northern 
hemisphere occurs in perihelio ; then 

the Northern hemisphere will have a mild winter and cool summer^ 
the Southern hemisphere will have a cold winter and hot summer. 

So far (granting Mr. CroU's astronomical data, for which he cites 
Leverrier, and which I believe are indisputable) there is no room 
for doubt. I have now to discuss the question, what effect these 
diversities of climate will have in producing glaciation. 

Mr. Croll thinks the hemisphere of cold winter will be the gla- 
dated one^ I think, on the contrary, the hemisphere of cool summer 
will be the elaciated one. 

On this subject it is needless to attempt to make any deduction 
from theory. We have plenty of observed data ; and I think I can 
show that they all go to prove a cool summer to be what most pro- 
motes glaciation, while a cold winter has, usually, no effect on it 
whatever. 

Forbes, in his work on Norway and its Glaciers, p. 206, quotes 
" the excellent generalization of von Buch, that it is the tempera- 
ture of the summer months which determines the plane of perpetual 
snow.'* This indeed is almost an identical proposition ; for per- 
petual snow is snow that lies through the heats of summer; and 
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it would appear obvious enough, had it not been frequently 
looked, that it must be the temperature of summer which, < 
things being equal, determines the level of summer snow. 

But, according to the same authority (Forbes's * Norway at 
Glaciers,' p. 206), *' another cause affecting exceedingly the 
of the snow-line is the amount of snow which falls.'' 

These laws are illustrated in detail by the following table 
constructing it I have assumed, what is tolerably near the t 
that the temperature of the hottest month of the year decreat 
ascending at the rate of 1^ F. for every 800 feet The tem 
tures are taken, as accurately as I have been able to do it, 
Dove's map. My authorities for the heishts of the Bnow-lb< 
for the 'first four, Durocher as quoted oy Mr. Hopkins ii 
•Proceedings of the Geological Society' for Dec. 17, 1861, fo 
rest, Mrs. oomerville's ' l^hysical Geography,' p. 814. The 
peratures are in degrees of Fahrenheit. Tne heights are in ft 

Tttnperatwe of Height of 8^ «, 

liotliHt month F. fi hottatt £ 

fttMftleTel. month. "^ 

Pyrenees U'6 12760 f 

Caucasus 11 18500 1( 

Mont Blanc 72-6 12150 J 

Bernese Alps 72*5 12150 ( 

Scandinavian Fjelde, 61° 48' N 59 8100 I 

Mageroe, Norway, extreme north 45*5 4060 5 

Himalaya, about 81° N., north side 88-75 15526 1( 

The ^ame, " south side 88*75 15525 IS 

Andes, near Quito 79*25 14175 11 

" 18° N 81*5 14850 14 

" near Valparaiso 68 10800 15 

" 87°40'S 63*5 9450 \ 

Straits of Magellan . . . ^ 45*5 4050 i 

It is evident by this table that the snow-line rises above th* 
of 32° for the hottest month of the year where the snow-fall is fi 
and sinks below it where the snow-fall is ^reat. In the Cau( 
the Alps, and the Pyrenees, the snow-line is about three-fonr( 
the height of the line of 82° for the hottest month of the yea 
the Fjelde of Norway, about two-thirds; in the Peruvian 
Chilian Andes above, but in Patagonia and Tierra del Fuego b 
above, on the north side of the Himalaya, but below on the i 
side. These contrasts are all to be explained by the differei 
the amount of snow-fall, which is greater on the south than o 
north side of the Himalaya, greater in Patagonia and Tierr 
Fuego than in Chil£ and Peru, and probably greater, at let 
winter, in Norway than in Central, Southern, or Eastern Eui 

The dependence of the height of the snow-line on summei 
perature and on amount of snow-fall, to the exclusion of v 
temperature, may be best shown, perhaps, by two extreme 
The mean temperature of the Altai mountains (according t 
Hopkin^s paper cited above) is below freezing ; yet in condeq 
of tne comparatively warm summer, and the small snow-fat 
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height of the snow-line (Mrs. Somerville's * Physical Geography,* 
p. 61) is aboat 6000 feet. On the Straits of Magellan, on the con- 
trary, though the mean temperature is several degrees above 
freezing, the height of the snow-line (see table) is little more than 
half as much. 

It is well known that, other things being e^ual, the magnitude 
of glaciers depends on that ot the snow-fields m which they rise ; 
ana an of course any depression of the snow-line will enlarge the 
now-field, it follows that the lower the snow-line the further will 
the glaciers descend below it. As a decrease of about 3^ F. is due 
to every 1000 feet of ascent in the hottest month, it follows that a 
&I1 of temperature to that extent in the hottest month would 
lower the snow-line by about 1000 feet; and in many cases it is 
likely that the glaciers in such a case would descend 1000 feet fur- 
ther below the snow-line than atpresent, thus gaining a total 
increase of 2000 feet of descent. This might not have much effect 
on the climate of Central Europe, but it would have a very ereat 
effect in those high latitudes where the glaciers would reacn the 
sea and give origin to icebergs; for we know that icebergs have 
great influence as transporters of cold. 

In particular cases the effect of a comparatively slight fall of 
sommer temperature would be very great. I quote from Forbes* 
* Norway and its Glaciers,* p. 215 : — 

" Though the surface actually covered by perpetual snow in Nor- 
way be small, yet the mountainous districts and tablelands every- 
where approach it so nearly that the snow-plane may be said to 
AoMTover the peninsula, ana any cause which should lower it even 
a little would plunge a great part of the country under a mantle 
of frost." 

And again, p. 243 : — 

^ It is exceeaingly probable that a diminution of the temperature 
of the summer months by 4° only would at once place one-fourth 
oithesnrfoce of Norway within the snow-line; and so vast amass 
of snow would refrigerate the climate, especially the summer tem- 
perature, to such a degree as would unquestionably pour glaciers 
mto the head of everv fiord in western Norway. . . . The 
lowering of the snow-hne over so large a surface would deteriorate 
the climate and lower the mean temperature, which would lower 
the snow-line still further." 

The change in the eccentricity of the earth's orbit is in all proba- 
bility amply sufficient to account for this or a much greater change 
in summer temperature. 

I take the following data from Mr. Croll's paper. The recently 
ascertained error in the old determinations ot the sun's distance 
affects both distances alike, and consequently does not affect their 
ratio. Along with the maximum distances of the sun at present 
and at greatest eccentricity, I state the proportionate quantities of 
heat the earth will receive under those two different conditions :— 

San*i maxlmnm Batlo of heat 

distance. reoelred. 

At present 96,473,205 miles .... 1 00 

At greatest eccentricity. . 102,256,873 " .... 90 
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So that in the one case the earth receives about one-tenth less heal 
than in the other. 

The sun's maximum distance occurs at present a little after th( 
midsummer of the northern hemisphere. When it occurred at th( 
same time of the year during the period of greatest eccentricity 
the earth at our midsummer was receiving only nine-tenths of th( 
quantity of heat which it now receives at that time of the year. ] 
cannot calculate the effect on climate ; but it must have been verj 
great, not only directlv, by depressing the snow-line, but as Forbei 
remarks in the place cited above, indirectly by chilling the air — and 
I will add, by hlling the North Sea with the icebergs which must 
have broken off from the glaciers that filled the Norwegian fiords, 
as they do now from the glaciers of Greenland. We have plenty 
of evidence of iceberg action during the glacial period. 

I believe I have shown that glaciation depends chiefl> on a cold 
summer, but partly also on an abundant snow-fall. 1 have now 
to show that a period of cold summers, caused as I have explained, 
must be also one of snowy winters ; so that the two conditions 
favorable to glaciation will occur together. 

During the mild winter of the glaciated hemisphere, there is a 
hot summer in the opposite one. Increase of temperature promotes 
increase of evaporation in a much greater ratio than that of the 
increase of temperature ; and increased evaporation in the summei 
hemisphere will produce increased snow-fall in the winter one. 
We know that at present the vapor raised in one hemisphere is 
to a great extent precipitated in the other ; for, were it not so, the 
southern hemisphere, by reason of its greater extent of ocean sur 
face, would have a rainier climate than the northern ; and such does 
not appear to be the case on the whole. Besides, during a glacial 
period, the atmospheric circulation between the two hemispheres, 
at the time of the earth's minimum distance from the sun (whicb 
on my theory was in the winter of the glaciated hemisphere), must 
be more active than ever it is now ; for when the earth, at eitbei 
solstice, was nearer the sun than is ever the case now, and the 
difference of temperature between the two hemispheres conse- 
quently at its greatest possible amount, this would produce a very 
active circulation of atmospheric currents between the two hemv 
spheres, which would involve the deposition as rain or snow in 
ttie winter hemisphere of a great part of the moisture evajwrated 
in the summer one. 

[The author continues with remarks on fiords as results of tin 
Glacial era, a subject long since discussed in this Journal.] 

3. Geological Report of tlie €:rploration of the Yellowstofie anc 
Missouri Rivers ; by Dr. F. V. Hayden, Assistant under th< 
direction of Captain (now Lieut. Col. and Brevet Brig. Gen.1 
W. F. Reynolds, Corps of Engineers, 1859-60^ with a colore<i 
map. 174 pp. 8vo. 1869. — Seveml years have elapsed since th( 
explorations for this report were made, and many of its genera 
conclusions have appeared, through the author, in this Journal 
The details here presented will be read with much interest. Th 
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map is large and very instructive, showing, more accurately than 
had been done before, the distribution of the Tertiary and Creta- 
ceoas formations, and the girt of Carboniferous and Potsdam rocks 
around the high metamorphic ridges of the summit. Some fur- 
ther explorations of the mountains are required to make certain 
all the points in this distribution. 

ITie last thirty pages of the volume are occupied by a report on 
the Cretaceous and Tertiary plants of the region, by Dr. J. S. New- 
bemr, now Professor of Geology and Paleontology in the School 
of Mines, Columbia College, New York. Dr. Newberry's ex ten- 
sire knowledge of the fossil Botany of North America has enabled 
him to give his memoir great value. Dr. Hayden's absence in the 
monntains, during the past year, while his report was in press, 
accounts for its many typographical errors. 

In the exploration of last year here referred to. Dr. Hayden was 
engaged in a new Government Survey under the direction of the 
Department of the Interior ; and the first pages of the " Preliniin- 
«ry Field Report of the Survey " have been received by us. The 
Reprt promises to be one of great value to the science, and a notice 
of Its results may be looked for in our next number. The Plon. 
T. D. Cox, Secretary of the Interior, states in his annual Report for 
the year 1869, that "Dr. Hayden entered on his labors in the field 
the last of June, at Cheyenne, Wyoming Territory. His route was 
through Denver, the silver and gold mining region of Georgetown 
and Central City, the Middle Park, Colorado City, and Fort Union 
to Santa F6, returning through the San Luis Valley and South Park 
to Denver. The exploration, though brief and rapid, was eminently 
SQCcessfiil, and the collections in geology, mineralogy, botany, and 
loology were extensive. His preliminary report bears date Oct. 16. 
It is accompanied by two other reports made to him by his assist- 
ants — one on mines and mining, the other on agriculture. These 
paperR are a valuable contribution to our knowledge of the subjects 
which they embrace, and merit careful perusaL" 

4. Mineralogy Hhistrated ; by Dr. J. G. v. Kuer, Prof. Roy. 
Polytechn. School at Stuttgart, etc. 22 large colored plates inter- 
leaved with explanatory text. — The figures in this Atlas re]>resent 
in colore crystals or massive specimens of various minerals, espe- 
cially the ornamental species, and is intended to aid the student in 
their identification. The figures are in general well colored ; and 
although the text is not wholly free from its German idiom, the 
work may be of value in the study of the science. 

6. Tableau MinercUogique ; by M. Adam, Commander de la 
ligioD d'Honneur, etc. 102 pp. 4to. Paris, 1869. — A classified cata- 
logue of the minerals in the splendid collection of Mr. Adam, of 
Paris, with a brief statement of the character and composition of 
the species. 
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UL BOTANY AND ZOOLOOT. 

1. Botanical NbtabUia. — Some announoements of recent pabKea- 
tiona with cursory remarks, and items of intelligenoe are hen 
brought together in the expectation that they may be interesting 
or useful to botanical reaacrs of the Journal The only one of 
the publications here mentioned which can be said to possess much 
general interest is the first, viz : 

An Address of George Bentham^ ^^'j I^'esident of the Idnnam 
Society^ London^ read at the Anniversary Meeting, May 24, 1869. 
It is the latest one of that series of pertinent annual discourses bv 
which Mr. Bentham's presidency has been distinguished, and which 
it is hoped he will continue. A preceding one was reprinted in 
this Journal, and it w^ould be well that this should be alsa The 
topic is Geographical Biology^ considered first for plants and then 
more succinctly for animals. Although distribution is one of the 
strongest points of derivative doctrine, yet it is wonderful to see, 
in the light of this sober and impartial survey, how cntirelv the 
whole aspect of philosophical natural history in this regard has 
changed within two decades. '' Centres of creation," and the like 
are of the language of tlie past, here n'placed by Bentham^s hsD- 
py ti'nn of " areas of preservation.'^ Ajid the conclusion, tardily 
reached " that the pri'sent geographical distribution of plants nu 
in most instances a derivative one, altered from a very different 
fonner distribution,'' has been followed by the conviction that the 
present species themselves are equally derivative, and have a 
changeful history, some steps in which may be dimly surmised by 
the studv of cognate forms, extant or fossiL At the point now 
reached, if not by general yet by lar^e consent, the problems we 
are led to consider are such, that it is indispensable to have a 
term of wider application than ^ species " technically means ; and 
^Ir. 1^'ntham here appropriates to this use the wora Rctee^ to de- 
note either permanent varii'ty (the old meaning of the word 
when definitely restricteii), or si)ecies, or groups of two or more 
ne^r aiul s^v.Mlled r^»proseutative spocies, L e., for those collections 
of individuals or resembling groups of individuals whose associa- 
tion in the way of lineage is taken for granteii by this class— or 
rather by thosi* classics— of naturalists. As the term was only .be- 
ginning to get fixity in its restricted sense, it wiU take the 
wider sense without confusion or dilficulty, and with the advantage 
of a vernacular insteail of a new-ooinini purelv technical word. 

77W Jiisctiianeoitif Bi*tani<\ii Works o/ liohert Brcwn^ which 
Mr. Henuett has eilittKi for the Kay Sooietv (i vols. 8vo), are now 
eompleteil by the Atlas of Plates* in small folio, 3d plates. The 
best thanks of Botanists, es|>eoially of the yoimger ones, are due 
to Mr. IVunett and to the Council of the Kay Societv. 

Another publication bv the Kav Soi'ivtv for which botanists 
will be grateful is the WgxtKibU 7tntt*^ogg^ an Account of the 
mrimriiHii IK n cations j)\wi Mc tisuai constrticiion of Plants, hj 
Dr. ^taster^ It was published last autumn, and forms an Sxo 
volume of nearly 60i> images, illustrate^l by over 200 wood-cata. 
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e collection of cases is ample, the arrangement clear and scien- 
ce and the general handling of morphological questions and the- 
es of structure shows a full acquaintance with the subject. One 
mot here well advert to points which invite discussion or further 
aark. Indeed a treatise of this character and upon such topics 
s^ht to be reviewed in extenso. It should be observed in pass- 
; that it may not be quite correct to speak of DeCandoUe as '' giv- 
r in his adhesion to the morphological hypothesis of Goethe (p. 
li, also p. 476) : it is generally understood that when the ITiiorie 
bnintaire and the Organographie were written DeCandolle knew 
thing of Goethe's essay, and had never heard of Wolff 
A memoir of the Life of the late Prof Win, H. Harvey^ prin- 
•ally made up of his own inimitable letters, edited by a surviving 
ative, has lately been published by Bell and Dalby, London. The 
3k was at first intended for private distribution ; but it was well 
3ided, as his many friends and admirers in this country will be 
bd to know, that it should be issued through a publisher in the 
lal way. It makes an octavo volume of goodly size. Such a 
urming photograph of a lovely character will interest many to 
lom Dr. Harvey was personally unknown. 
rhe Genera of Sontn African Plants was one of the late Dr. 
irvey's first undertakings when established, it was thought for 
ne years, at the Cape of Good Hope. It was published at Cape 
•wn, in 1838, and most useful it was in inspiring and developing 
3 study of Botany in the Colony : nor is its usefulness superseded 

the elaborate Flora Capensis, which was carried on with re- 
irkable promptitude while Dr. Harvey lived, but which remains 
finished. He had prepared in a good degree the materials for a 
w edition of the Genera^ wYAch has tow been edited by Dr. 
x>ker, the succinct introduction to Botany originally prepared 
' Mr. Bentham for his British Flora, and since added to all the 
>lonial Floras, being prefixed. 

As to these Colonial Floras, that of Australia is pushed forward 
rth Mr. Bentham's customary vigor, under the great advantage 
' his unsurpassed knowledge and his enviable opportunity of be- 
ig able to devote his whole time without distraction to Systematic 
•otany. The fourth volume of the Flora Attstralieneis appeared 
Imost a year ago: it contains most of the Monopetalous orders 
fter the Compositce, excepting VerbenacecB, Ldbiatcey ifec, which 
re probably already in type for the fifth volume. Under JBreweria 
ir. Bentham justly remarks that this genus ought not to have 
i€en referred to JBonamia of Madagascar, as I had rashly done ; 
'et he is wrong in the supposition that Thenars' plant not Convol- 
ulaceous, but allied to Ehretia and Cordin. On inspection it 
)JDve8 to dififer from Preweria, and to agree with Creasa^ in the 
^roUa, which not plaited in 8BStivation. There are probably two 
pecies. 

The Flora of Tropical Africa by Prof. Oliver, " assisted by 
>ther botanists," though not exactly a Colonial Flora, is upon the 
•me model It is founded upon the African collections which 
J*ve accumulated at Kew. Considerable as they are already, they 
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represent the vegetation only of the outskirts of a vast tirra tn- 
cognita^ of which we may hope to know something ere long, and 
which may give to this work as it advances an exceeding inter- 
est This* first volmne, which was published in 1868, includes the 
orders antecedent to Leguminosoe, The McUvacecB and their allies 
are by Dr. IMasters, who has paid much attention to the structure 
of the flowers of this group; the AmpelideoBy Sapindaceae and 
ConnaruceoB are by Mr. Baker. 

Dr. Oliver has just published a neat little First Book of Indian 
Botany y on the basis of his well-known elementary LeMons for 
home use, only the illustrations of the natural orders, the exam- 
ples, i&c, are from Indian plants, and considered in view of Indian. 
Botany. 

The ninth part of Dr. Seemann's Flora VitienHs^ nearly con- 
cluding the Phanerogamia^ has been for some time issued ; and 
the idth, which will complete this laborious work, is in press^ 
The Ferns are by Dr. Caruthers of the British Museum, so favora- 
bly known for his researches in fossil botany. 

Mr. Baker, the Assistant Curater of the Kew Herbarium, after-^ 
completinp^ the Synopsis Filicum which was barely commenced by — 
Sir Wm. Hooker, has made the results of that work the basis of JLi.- 
very interesting paper On the Geographical Distribution of Fhrns^. 
in the last (26tn) volume of the Transactions of the Linnsean^ 
Society. 

The publication of Sir Wm. Hooker's Icones Fiantarum closed s^.^ 
dozen years ago with the 10th volume, completing a thousand 
plates. Dr. Hooker with the assistance of Mr. Bentham and Prof- 
Oliver, has now commenced a third series, of which two parts are* 
issued, one in November, 1867, the other in June, 1868, and 8^ 
third part is in press. The plates are numbered on from volume 1(^ 
(which is a convenience in citation) viz: 1001 to 1050. They are:* 
taken from plants in the Kew Herbarium, and will serve to illus- 
trate soine of the work going on in that richest of botanical collec- 
tions, and notably, as it proceeds, the Genera Flantaruni, Thn9 
far nearly all are from the southern hemisj)hcre. Two plants, how- 
ever, are North American, viz: Arceuthobium bra<:hypodttm of En— 
gelmann, from New Mexico, in which Prof. Oliver directs ^ttcntioim 
to sonic apparent peculiarity of the ovule, which needs investiga- 
tion in the fresh plant ; and Leitneria Floridana of Chapman^ 
which Prof. Oliver describes as having a thin but evident layer oX 
albumen around the embryo, and he agrees with Chapman in refer- 
ring the genus to Myricacefe^ although with misgivings. 

A whole volume of the Journal of the Linnoean Society (th^ 
twelfth, issued in advance of the eleventh), is occupied with arm 
enumeration and description of all known Mosses of SouttB- 
America, by JMr. JMittcn, founded primarily on Spruce's collections^ 
which have been distributed into sets ana disposed of. Mitten'e 
Muaci Austro- American i thus forms a substantial 8vo volume of 
669 pages. A double number of the eleventh volume is equally 
devoted to JMr. Spruce's South American collections and researches^ 
viz., to the Falmce Arndzofiicce^ an account by himself of th 
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)f the regions visited by him, a. paper rich in generally 
ng and readable as well as technical scientific matter, 
jiderson has a paper on the Palms of Sikkin in the preced- 
iber of the same volume ; Dr. Kirk writes on the Copal of 
r, and makes out that the old or fossil copal is the produce 
ame tree, a species of Trachylobium from which recent 
r copal is at present yielded. The other articles most note- 
for us in the eleventh and the later numbers of the tenth 
I, are one by A. W. Bennett of London on tJie Structure 
inities of Pamaasia^ upon which there is somewhat to be 
lenever the present writer has opportunity to make re- 
ktions in the view of correcting certain probable mis- 
oversight. On chemical reaction as a specific character 
enSy by Dr. Lauder Lindsay, who comes to the conclusion 
jse chemical tests introduced of late are of little value or 
ty. JVbtes on Jussi<xa by Charles Wright, a letter to Dr. 
, showing what excellent characters, hitherto nearly over- 
y[ in some cases misapprehended, are furnished by the seeds, 
this genus : and finally Fungi Cubenses, by Messrs. 
y and Curtis, founded on the very ample and largely novel 
)ns in this order made by Mr. Charles Wright It is to be 
lere that these Fungi, accurately determined by the above 
dshed mycologists, have now oeen distributed into sets, 
ced on sale. Application for the few remaining sets may 
2 by letter to Mr. Wright, at the Harvard University Her- 
Cambridge, Mass. 

ral Munro, who, when stationed in Canada, did much for 
an Agrostology, and now in England is able to command 
• systematic work in his favorite order, has published in the 
;tions of the Linna^an Society, a Monograph of Bambusacece. 
18 now known, amount to upward of 170 species, belonging 
pnera, our Cane of the Southern States being the solitary 
atative of the tribe in this country. The rare flowering 
"enders the study of the group difficult, is a common, though 
rersal feature. The common Bamboo of India is thouiiht 
lom in any district only once in thirty or forty years, and 
general flowering occurs, the copious seed, givmg suste- 

thousands, has often averted a famine. 

i French edition of his little work on the Fertilization of Or- 
y insects, Mr. Dai*win had occasion to prepare an appendix, 
ating the principal contributions to our knowledge of this 
, which have been made since this volume called attention to 
iia<le the enquiry ])o]>ular. There being as yet no call for a 
Lition in England, this appendix, of a few pages in extent, 
Tied into li^nglish and printed last summer in the Annals 
ifiCazine of Natural History. 

Baillon, now the Professor of Botany in the School of 
ne, Paris, commenced the publication of the " Adansonia^ 

1 Periodiq^ie W Observntions JBotanique*'^ (Svo,) in 1860, and 
I volume was completed in the summer of 1868. Each 
! is illustrated by ten or twelve plates. 
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A large portion of the articles are by the able and inde£Atigable 
editor, the first being his essay on the female flower of Coniferm^ 
and against gymnospermy, which at the time attracted much 
attention. (Apropos to which, it is said that the doctrine of 
gymno^ermia was first propounded by Targioni TozettL I have 
not seen the passage in which it is said to be recorded.) A second 
article describes, earlier than elsewhere, the setiform bodies which 
stand in place of petals in Asarum Evropcsum ; but states that 
they are wanting or generally so in A, Ccmadense ; the^ are, 
however, very commonly present. In the seventh and eighth 
volumes are brought together a very interesting collection oT 
Tr^euPs various papers on the latex, in which he shows that this 
juice is contained in the spiral, dotted, and other ducts as well as 
m the so-called vessels of the latex. 

Prof. Baillon commenced in 1 868, a work on Organogeny, like 
that of Payer's, of which it would be a sort of supplement, but 
extending to the fruit as well as the flower. Only a single l^isci- 
cuius has yet appeared of this Traiti du Develapement de la FUur 
et du Fruity (V; Masson et fils), with one plate, devoted to the 
flower of SantcUcuseoB, A more generally interesting work of the 
same author, and one which is pushed forward with vigor, is his 
Histoire dee Plantea (imperial 8vo. Hachette & Cie, Paris), in a 
series of monographs of families, with wood-cut illustrations, the 
text with full rea^ble details in French, with copious references, 
and then full generic characters in Latin. The three parts already- 
published (1868-1869), comprise the HanunctUaeeoBy the Mosacea^ 
the ConnaracecB and the LeguminosoB-Mimosece, To give an idea- 
of Baillon's valuation of genera, and how greatly he would reduce=a 
them, it may be noted that he refers back both Eranthis and — ■ 
Coptis to Helleborus, joins Caltha as well as CalcUhodes to TVoHiuSy^ 
AcojiUum to Delphinium^ TYautvetteria to Itanunculus^ and 
Cimicifuga, to Actcea ; moreover, he refers the latter genus — 
along with Thalictrum to the ClematidecB. Crossosoma he doubt — 
fully places by the side of Poeonia^ which appears to be the besU- 
that can bo done with it, giving weight rather to the perigynoua- 
petals and stamens than to the arillus. He calls attention to hifl& 
discovery, first recorded in the Adansonia, of three or four addi — 
tional but minute and early abortive ovules in Anemone and^ 
Clematis, In PosacecB, beyond the reductions made by Benthanfe. 
and Hooker, Ghanioerhodoe also is united with Potentilla, and. 
Waldsteinia as well as Coluria with Geum ; Torrey's Coleogyn^ 
is well placed next to Cercocarpus and Purahia ; but Baillon is 
much mistaken in supposing that he was the first to refer Ijutkca 
or Eriogynia to Spiraea ; it was so referred in the Flora of N. 
America more than a quarter of a century ago. In Torrey's 
Emplectocladue Baillon has rightly detected a Prunue^ not far re- 
moved from Humboldt's Amxjgdalus microphyUa, 

It is rather late to notice Bureau's Monographie des Blgttoniacee% 
(Baillidre, 4to^ of which the two parts issued bear the date of 1864, 
but the work is hardly known in the country and has not advanced 
isa. The 200 or thereabouts pages of letter-press are given to a 
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prolix account of the history of the classification of the order, its 
affinitiee, organography, <fec. The thirty-one plates appear to be 
excellent. There is a tigare of our Bignonia capreolata L., under 
the name of Anisostichtts capreolata^ of Tecoma stana as JStenolo- 
biwn stans Seem., of T. radicans as a Campsis (in the letter-press), 
and of Catcdpa hignonioidea. 

The other section of the 16th volume o^ BeCandoUe^s Brodro7nu8 
has just been issued. The two parts form indeed independent 
Tolumes, and are paged and indexed as such, so that for all time 
botanists will have to quote BC. Prodr. 16 (1), p., <fcc., which is 
to be regretted, but there is no help for it. llie present (prior) 
put, of 450 pages besides 65 intercalated ones, contains the 
BuasacecB and some other plants excluded from the Muphorhia^cem^ 
by r>r. MtlUer; the MnpetracecB by Alph. DeCandoIle himself 
(Empetrum reduced to one species, Corema of two, and a Ceror 
tioia) ; CannalnnecB by the same (the Ulmacece and ArtocarpecB 
postponed not being ready), the Urticacece (i e. the Urticece) by 
Weddell ; Piperaceoe by Casimir DeCandoIle (the SaunirecB made 
a mere tribe, and the PiperecB mainly included under Piper of 
635 species, Peperomia of 3891); CMoranthacece by Solms- 
Laubach of Halle, reduced to three genera ; and finally Oarryacece 
by the editor, comprising nine species of Qarrya. It appears that 
the latter end of the volume was printed first, which explains the 
omiBsion of G. buxifoliay a species discovered in Northern Cali- 
fornia by Bolander, and pubhshed a year and a half ago. If one 
ort wo collaborators will now bring up their arrears, the editor may 
very soon have the great satisfaction of announcing the comple- 
tion of the great Dicotyledonous series. 

The incomparable Plora Banica goes on, and the 47th part, 
with, plates 2701 to 2760, has come to hand. Among the plants 
of interest to us which it contains is Pyrus (Sorlms) Americanay our 
&f ountain Ash, with the red petioles and pointed leaflets, from 
Qreenland. 

In the Journal of the Natural History Society of Copenhagen 
(Vidensk. Midd'eL Naturhist. Forening Kjobenhavn) for the year 
1866, issued in 1867-8, Oersted has an elaborate paper on the 
clAssification of Oaks, with a catalogue of all the species, and 
many illustrations, both copper plates (of female flowers) and wood- 
cats ; of the latter, the cuts from impressions of the leaves, show- 
ing the venation, are peculiarly excellent. Being a later version 
of Quercu8 than that of DeCandoIle, and with points of its own, 
it is commended to the attention of Dr. Engelmann, who is likely 
to have most to do with the American species. To illustrate vena- 
tion and the nature of the surface of foliage, photography may be 
turned to good account, far more than is now conmionly thought 
oL We have seen a photograph from a specimen of one of the 
coriaceous-leaved Oaks of the Dutch Indies which was truly won- 
derful in its rendering. 

Dr. Lange, in the same publication for 1867 (issued in 1868), de- 
scribes the PyrolecB and MonotropecB of Mexico and Central 
America Four of the former group are identified with United 
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States species ; and the fifth, Pyrola Ziebmanni of Lange may be 
added, as it is apparently undistinguishable from one of our W estr ' 
em forms which already has several names, among them P, bra^ 
teata, Ziiccarini's Monotropa coccinea is described in full and bean- 
tiftiUy figured. The lively red color, in which it chiefly^ differs 
from M, tmifloray may not oe of specific importance, considering 
that what we take for M, Hypopitys in the united States is often 
flesh-color or red in the warmer parts of the country. 

A far more interesting Monotropeous plant has been collect^ 
by the French expedition to Mexico, viz : Pleuricospora Gray, fin 
Proceed. Am. Acad. 1867), with mature fruit, well showing tne 
parietal placentation, and the close-cpated seeds. 

Prof. Bunge of Dorpat has brought out the first part of his 
Monograph of the Astragali of the Old World. It forms a fas- 
ciculus ot 140 pages, in the current volume (11 of the 7th series) 
of the Memoirs of the St. Petersburg Academy of Sciences (1868), 
and contains the Claves Diagnoaticoe of all the species, under 
their subgenera and sections. We have a goodly number of 
species in this country, mainly beyond the Mississippi ; there are 
aoout 200 known in America, — a small matter compared with 
those of the Old World, of which Bunge here characterizes a little 
short of a thousand species ! It is a subject of congratulatioa 
that, thanks to the author's great carefulness and knowledge there 
is hardly any double employment of specific names for gerontogceat*- 
and neogcean species. It would have been 'better to have avoided 
the use of names for sections in the same form as those of gener*^ 
by adopting a plural termination or some like device. 

A remarkable parasitic plant of the Sonora desert, indicated L n 
1854 in PlantcB Thnrberianxey but fully published and illustrate-— 
as much as ten years later by Dr. Torrey in the Annals of the AV^ 
York Lyceum, his Arntnobrotna Sonorte, has recently been inve -^ 
tigated. along with its allies, by Count Solms-Laubach, a youa. . 
botanist of high promise, now resident at Halle. It was thougtza 
that the incomplete specimen brought by Col. Gray and no^^ 
belonging to Dr. Torrey was the only one extant. But it appea-*r 
that much better ones were gathered by C. Schukard, draughtsmim J 
of the party, and sent along with a drawing, to Dr. Behr of Saxj 
Francisco, who presented them to the late Prof. Schlechtendal o/ 
Halle. Solms-Laubach, a former pupil of Schlechtendal, found the* 
specimens in his herbarium, also good ones of Lennoa madrepo- 
roides, and having likewise examined Kunth's CoraUophyUum ca- 
ndeum^ had thus before him all the known representatives of tfce 
group except Nuttall's Pholisma, which is known in Europe only 
by the specimen in the Hookerian Herbarium which served as the 
original of the figure in the IcoTies Hunturum, and probably by 
one in Nuttall's own herbarium now belonging to the British Ma- 
^euni. The results are just published in an elaborate memoir: 
" z>ic Familie der Lennoaceen, von Hermann Grqfen zu JSolmi- 
Laubach^' a separate issue from the eleventh volume of the Trans- 
actions of the Natural History Society of Halle, bearing the date 
ot 1870. The three plates illustrate in detail the three plants 
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lamined, viz : Ammohroma Sonoroe Torr., Lennoa madreporoides 
Jav. & Lex., and X. ccendea Solms, which is Kunth's CoraUophyl- 
im ccsnUeum, The order Lennoaceoe of Torrey is divided into 
wo sections, Ist, ^ith stamens in one rank and the anther-cells par- 
llel for PholUma and Ammohroma^ each of a single species ; 2nd 
rith the alternate stamens inserted lower than the rest, and the 
nther-cells contiguous at the apex but diverging below, for JLen- 
>oa, of two species. Solms doubts, and with good reason, whether 
immobroma should not be referred to Pholuma^ which would 
5ave two very well defined genera. The difference in the ovule, 
rhether horizontal or perpendicular becomes of small consequence 
rhen it is seen that the rhaphe in the former case is on the lower 
ide, indicating a pendulous ovule. By several pertinent considera- 
ions Solms reinforces Dr. Torrey's opinion that the affinities of 
hese plants are with the Erical alliance and not at all with the 
TrobanchecB ; but the insertion of the stamens, even more than the 
tructure o^the ovary and fruit, forbids union with the MonotropecB. 
liat character belongs, however, to a great part of EpdcridecB^ 
nd Solms shows us that the stinicture of the ovary is the same as 
1 some of the latter, and in certain Vaccineoe. The cells, as he 
hows, are half carpels, each carpel being biovulate and divided 
ito two uniovulate loceUi by intrusion from the back, as in Gay- 
48sacia, 

Professor Braun, continuing his study of the Rhizocarpece and 
bie like, published last year a little mono^aph of the Australian 
pecies of Isoetes^ with a preface containmg general remarks on 
lose of Europe and North America. He has also published more 
xtensively upon Charctcece; and Dr. Leonhardi, the Professor of 
Philosophy in the University of Prague has discussed the European 
pecies m detaU in the Proceedings of the Natural History Society 
f Brunn, and in the Lotos, We have from Dr. Hegelmaier a 
^ond dissertation on Callitriche^ aided as to the American spe- 
Les by Dr. Engelmann, who placed the notes and specimens of his 
erbarium at his disposal. He recognizes C, marginata Torr., in 
Colander's collection ; C microcarpa, a new species of Engelmann 
rem Wright's Cuban collection ; C. Japonica of the same, col- 
scted by Wright in Japan ; and describes a new California spe- 
ies, C. Molanderi, Hegelmaier has published his Monograph of 
LemnacecB^ in 4to, but we have not vet seen it. 

Pro£ Miquel has carried on the AnncUes of the Leyden herba- 
ium as far as to the fifth fascicle of the fourth volume ; the papers 
n the current volume thus far relate almost wholly to the botany 
>f the Indian Archipelago. 

The seventh volume of Walpers' Annalea JBot SystemcUicce^ 
jontinued by Dr. C. Mttller, gets on but slowly : the first and sec- 
ond fascicles bear^the date of 1868, and we have only the third for 
.869, which comes down only to the ZygophyUem. 

Dr. PritzePs Iconum Botanicarum Index Locupletiasimus^ a 
>erfect model for typography and arrangement as well as careful 
Siting, was supplemented in 1866 by a pars altera^ of nearly 300 
»ages, bringing down the references to plates to the end of the 
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year 1865. The first edition of the main work has been reprinted 
verbatim, along with this supplement, instead of redigestmg the 
whole, which would have been preferable. But it will temporarily 
do very well as it is, if the editor will soon re-edit the whole, inco^ 
poratiug into one alphabetical order the plates published down to 
1870. 

In the summer of 1868 appeared the 44th, 45th and 46th fascicles 
of Martins' Flora BroMiensis^ comprising the LcrafUhojceKx^ a 
masterly work by Dr. Eichler; the Oleacem and Jdsminem hy 
the same (the character of ChionarUhem " semina exalbuminosa^ 
still kept up, though it is not so either in Chionanthua Vtrg^niea 
itself or in the original Idnociera ligtutrina ; see Proceed. Amer. 
Acad., 5, p. 331, etc) ; the Loganiaceoe by Progel, and the Styra- 
cecB by Seubert. Since the lamented death of Von Martins, Dr. 
Eichler has brought ont the BakuiophoreoB (in fasc. 47), with an 
admirable investigation and illustration of the intimate stmctore 
or anatomy as well as of the floral characters and morphology of 
this family, and has clearly shown it to have the ovulation 61 San- 
taiace<f and Lorantfuxcem (some of them very exactly of the for- 
mer^, and to belong to that alliance. 

Tne 48th part, the ConvolotUace^ by Meissner, has just been 
issued, but has not yet come to hand. Before his death, v on Ma^ 
tins had fortunately completed such arrangements with the 
Brazilian Government on the one hand and with Dr. Eichler on the 
other, as to secure the continuance and completion of this great 
work, that is, if it can be done within ten years ; and Dr. Eichler 
is pushing it forward vigorously. He is placed at disadvantage, 
however, by the seemingly ill-advised refusal of the Bavarian 
Groveniment to purchase and retain in Munich the library and 
herbarium of the savoptt who has done far more than any one else 
for natural science in Bavaria ; and so the library of Martins is to 
be disjH'i^ed by auction next March ; and the herbarium, which his 
will forbids the ilispersion of^ still awaits a purchaser. A pamphlet, 
Xku J/erbanum Martiiy gives particulars of the contents of this 
collection. It comprises, 1, the general herbarium, estimated to 
contain alK>ut 00,0(X) species in 300,000 specimens, over half the 
species South American, especially Brazilian ; 2, The Palm collec- 
tion, which ought to be of verv great importance ; 3, A collection 
of fruits and seeds; 4, of woods; 5, a very rich and well-prepared 
collection of drugs and economical products, the larger part of which 
was formoii bv his brother Theodore Martins, when Professor of 
Pharmacy at ^rlangen. Here is an nnnsoal opportunity for some 
American I'nivendty. 

We have receiveil a second edition (1864) of an Atku dea Pflan- 
wei^ge^Hfmpliie^ by L. Rudolph of Berlin^ (published by Nicolas),* 
intendlnl for schools, drc. It is well done, and if in English would 
answer an oxci»llont i>ur^>ose in our higher schools, or wherever 
Botany and l^hv^cal Geography are taught. It is strictly an 
Atla8,\>f nine folio plates or maps, charged with details, which 

• R«c«^iTvd thxii R Sleiger« G«niian bookseller. Frmnkfott St New York, akNig 
with 9k copj of rritMl't Index (mentioiied on the preoediiig pege.) 
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are printed partly in colors, and with descriptive letter-press on 
the reverse. The centennial anniversary of the founder of Plant- 
eeography should awake new interest, and give increased popu- 
larity to the subject. 

The new President of the ancient Imperial Academy Naturae 
Guriosorum, succeeding Cams, is Professor Behn of Hamburgh. 

An interesting bit of botanical literature, is Pursh's Journal 
of a Botanical JSxcursion in the Northeastern parts of Petinsylr 
vania and New York^ durina tfie year 1807. Dr. Thomas P. 
James found the manuscript journal of Pursh with some other 
papers accompanying the herbarium of Dr. B. S. Barton, in the 
possession of the American Philosophical Society, and had it 
printed in successive numbers of Meehan's Gardener* s MontMy^ 
from which it is now collected in the form of a little volume of 
eighty-seven pages. It will be remembered that this journal con- 
tains Pursh's notes made at the time of his discovery of Scolopen- 
drium, and the station is indicated with sufficient precision to be 
determined, as was done, we believe, by Mr. Paine. K the Fern 
no longer exists at that very station, we know of it at three or four 
neighboring localities. Pursh's quaint and simple narrative of his 
waoderings and hardships is well worth perusal. 

IT^e Botanical Necrology for the year 1869, may happily be dis- 
missed in few words. 

Antonio Bertoloniy the most venerable botanist of our day, who 
has occupied the chair of botany in the ancient university of 
Bologna tor considerably more tnan half a century, died, in the 
Ml possession of his mental powers, on the 1 7th of April, shortly 
after the completion of his ninety-fourth year. The very next day 
died the equally distinguished professor of the sister University of 
Turin, Giuseppe Moris, in the seventy-third year of his age. At 
Prague on the 28th of July, died the professor of Physiology, Jl JEi 
Purkir^ at the age of eighty-two. He was known in botany as 
the author of a neat little treatise, "2>e ceUvlis antherarum jihro- 

My^ etc. A. G. 

2. Recent Ex^plorations of the Deep^ea Faunce ; by A. E. 
Vkrmll, — A new era in the history of marine zoology may be 
said to have commenced in 1860, when Dr. Wallich obtained a 
numlier of Worms, Crustacea, Bryozoa, and Echinoderms at depths 
yaiying from 446 to 1913 fathoms, and from these observations 
inferred that the deep-sea had its own peculiar fauna, at depths 
fer greater than life had previously been supposed to exist, unless 
in tne lowest forms, such as the Khizopods obtained from sound- 
ings and described by Bailey and others. This inference was at 
once confirmed by the observation of A. Milne-Edwards, who in 
1861 reported a number of living mollusca and corals, found 
adhering to the telegraph cable between Algiers and Sardinia, 
whentjiken up for repairs, on portions that had been sunk to 
depths of 1093 to 1677 fathoms. Some of these were new, others 
were known only as Tertiary fossils. In the same year the Swedish 

Am. Joub. Soi.— Second Sbribb. Vol. XLIX, No. 145.— Jan., 1870. 
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expeditioD to Spitzberp:en obtained Tunicat^B, a Zodphyte, a Cnifr 
tacean, and a bivalve-shell from 1400 fathoms. Later, G. 0. Saw 
has made extensive explorations bv means of the dredge at the 
Lofoden Islands, and on the Scandinavian coast in depths of 200 
to 300 fathoms, and in some cases down to 450 fathoms. Pro£ 
Sars reports,* as the result of his son's explorations, 427 species of 
animals living between 200 and 450 fatnoms, and representing 
most of the marine classes : Uhizopods 68 ; Sponges 6 ; Polyps 20 ; 
Hydroids 2 ; Crinoids 2 ; Ophiurians 14; Asterians 7; Echmoids 
6; Holothurians 8; Gephyrea 6; Annelids 51 ; Crustacea 106; 
Polyzoa 36; Tunicates 4; Brachio)>ods 4; Conchifers 37; Gas- 
teroi)ods 53. He also records 9 fishes living at those depths. Of 
th(^ whole number 42 were found at 450 fathoms, and 46 
were confined to the region below 200 fathoms, while most 
of the others extend upwards to quite shallow waters. AmoDg 
the many remarkable new forms the lihizocrinua LofotmsU 
Sars is especially notable, and has been the subject of an 
admirable memoir by Prof Sars.t It is remarkable as giving 
us a new living tvpe of attached Crinoidea, belonging to a &mily 
most characteristic of the Jurassic formations, and is of especial 
interest in this connection, as it has also been found since at aeve- 
ral other very remote localities, even as far south as Florida, at 
similar depth's. In 1867 the Superintendent of the U. S. (Joast 
Survey undertook an extensive exploration of the Gulf Stream, 
which has already yielded most important results in deep^ea 
Boology. The dre<lging, under the charge of L. F. de Pouitales 
has been carried on <luriug three past seasons, between Florida and 
Cuba, from the shallow waters of the shore to the deepest waters 
of the mid-<*hannel, which seldom exceeds 550 fathoms, the dredg- 
ings not having gone beyond 700 fathoms. From these explora- 
tions large and most remarkable collections have been obtained, 
embnioing nuniorous representatives of nearly all classes of marine 
animals. A part t^ these have been described in the Bulletin of 
the ^luseum of Comparative Zoology,! but the Crustacea, Wonns, | 

♦ ViiUnskiibs JH^lskrtbs. Forhandlinpir. 1867, pp. 246 to 276; and Annals and I 

Mnjjrt/.iiio Nat. History, vol. 3. \\ 4*23, June, 1S69. -■• 

iiJHi' this Joiinial. xlviii. p. 142. i 

No. 6. — dmt'ihuti'yns to the Fuuna of the Gulf Stream at great depths. By L ] 

F. !>K roiRT.VLKS, Assistant U. S. Oixast Survey. December, 1867. Contains ^ : 



Hcriptit>ns of Worm.^ Polyzoa, Brachiopoda. Halcyonoids. Corals, Hydroids, and 
Oriuoid:* 

No. 7.— <iamo title, Deo.. 1S»»S. Contains general account of dredgings, wiA 
dosi-ription.'* ot* l»nichioi\xis, lYinoids. Holotlmnans^ Corals. 

No. i».— /Vr.'i>:<".j'jpj/ Rtp r* on the Echini and Star-fishes dredged in deep wOf 
btrtwt-en <^^' >:• irhe Fi-idit R^ef. by L F. pe PoURT.iLES: prepartd by AmJUiSVA 
AtJvssi/, OvMobor. lS6l>. Con t.tius dosoriptions and tables of distribution of the 
Koliiui ; vUs.'riptions of ilio younc of Kchini and their development ; and a list rf 
tho star-t'isl os. 




iv|*di!»tribution: 11, LVik»rip:iou9 of new penora and species, with Critical Remaite 
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lart of the corals, and most of the Mollusca are still undescribed. 
Enough has been done, however, to reveal a wonderfully rich 
iiina and make us look for still greater discoveries in the 
iture. 

Another exploration,* which has yielded some of the most im- 
ortant results, was undertaken in 1868, by Dr. W. B. Carpenter 
nd Dr. Wyville Thomson to explore the region between Scotland 
nd the Faroe Islands. They were furnished with a Government 
essel, fitted for the purpose, but owing to very bad weather could 
86 the dredge only nine days during the cruise of six weeks. 
Tiey obtained, however, quite a variety of animals at from 400 to 
50 fathoms, including the Rhizocrinus Lofotenms and a remark- 
ble variety of vitreous sponges, which seem to be very character- 
jtic of the deep-sea fauna. But their observations upon the tem- 
erature at great depths are of the greatest importance. An 
xtensive area was discovered between the Faroe and Orkney 
slands, where the minimum temperature in 450 to 650 fathoms 
ras from 82** to 33f °. This region was characterized by an arctic 
issemblage of animals and a sandy and stony bottom. South 
md west from this " cold area," and extending far to the west of 
ihe Faroe Islands, was a warm area where the minimum tempera- 
nce at 450 to 660 fathoms was 46° to 49°, the surface temperature 
being 52° to 64^®, while over the " cold area " the surface tempera- 
ture was nearly the same, 50° to 52°. The warm area Vas charac- 
terized by a bottom of sofl mud, composed chiefly of the shells of 
GlobigerincPy " coccolithSy'* " coccospheres^'^ and other forms of 
Protozoa. Living upon this bottom were various vitreous sponges, 
allied to Hyalonema^ and living like it with their long, slender 
riUceous spicules buried in the mud like rootlets, and several 
AnnelidSy lihizocrintis^ Kophohelemnon^ Terehratvla^ Lophohelia 
froH/era, etc. The character of the bottom and its fauna strik- 
ingly recalled the chalk of the Cretaceous period, and the authors 
of these, discoveries claim that the chalk formation Ijas been con- 
tinaoas since the Cretaceous, and is still forming in the depths of 
the Atlantic. Anotlier expedition was undertaken during the 
pMt season by the same parties, but we have seen no statement of 
the results, except that Buccinum undatum was dredged living in 

Ko. 11. — List of (he Orinoida ohUnned on the coasts of Florida ar,d Cuba, by 
flie Uniied States Coast Survey Gtdf Stre>^m Expeditions, in 1867, 1868, 1869. 
fy L F. DB PouRTALBS. Contains descriptions of eight species of Crinoids (six of 
^stedon), with a table showing their distribution. 

Ka 12. — lAst of HoVoihwridoi from ihs Deep-sea dredgings of (he U, S. Coast 
Arwy. By L. F. DB Poubtales. Contains six species, three of which (EcMnocu- 
^nittypica^ Oucumaria frondosay Molpadia borcalis) are referred to north European 
species, and two others are regarded as possibly identical 

ISo. 13. — Report upon Deep-sea Dredgings in the Gulf Skeam, during the Third 
Orwise cf the U. & Steamer Bibb, addressed to Pbofessob Benjamin Peibce, Su- 
perintendent U. 8. Coast Survey, by Louis Agabsiz, November, 1869. Contains 
'general account of the work done and its results, together with an account of the 
Ode formations now being deposited in thatre.^ion, also observations on the young 
(ages and mode of growth of several genera of corals, etc. 

♦Proceedings of the Royal Society, vol. xvii, p. 168, December, 1868 ; and 
zmalB and Mag. Natural HLstory, vol. 4, p. 112, August, 1869. 
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1,300 fathoms,* Dr. E. Perceval Wright also made an exploration 
30 miles off Setuval, Portugal, in search of JHycUonema^ which he 
dredged in 450 fathoms, and first ascertained its true mode of life.f 
From the same region he and Dr. Gray have described three 
species of Halcyonoid corals. By the same expedition a shaik 
and a small fish were caught at the same depth. The recent 
Swedish expedition to Spitzbergen also made important discoveriefl, 
of which we have not yet seen full reports.^ l)r. Smitt and Mr. 
Ljungman on the cruise of the Swedish frigate "Josephine," 
which visited the United States last summer, dredged some in- 
teresting animals on the newly discovered "Josephine Bank," 
between Lisbon and the Azores, in 117 fathoms ; among them aie 
Ophiomyces frvjtectoaua Lyman, Pteraster militariSy JRhizocrinut 
Lofoterma Sars, and Echinocucumia typica Sars, all of which haye 
been found also off Florida by Pourtales.§ 

These discoveries have very important bearings upon Greological 
science and Physical Geography, as well as Zo5logy, and wiD 
cause important changes m many generally accepted theoiieii 
The following are some of the results already made out : 

1 . It is certain that animal life does not begin to diminish sen- 
sibly at 100 fathoms and nearly di8api)ear at 300 fathoms, as sap- 
posed by Forbes and generally beheved previous to these late 
mvestigations. It is equally certain that the greatest depths yd 
reached with the dredge have an abundant and diversified fiinna, 
with representatives of most classes of marine animals. The deep- 
sea animals are in ])art new and peculiar to great depths ; in wt 
found also in shallower waters ; m part previously Imown as Ter 
tiary or Cretaceous fossils. 

2. It follows that abundance of fossils in a geological foimation 
is not, of itself, evidence of shallow-water origin. 

3. It is certain that brir/ht colored animals are found at the 
greatest depths yet explored, and although uniform red and white 
are the most common colors among deep-sea animals, yet examples 
of nearly all fhe other colors have been observed, among Protoioa, 
Radiata, Mollusca, and Articulates,) as in fact we might have an- 

* American Naturalist, vol 3, p. 383, Sept, 1869. Since this artide has bMB 
put in type I have had the pleasure of reading the preliminaiy reports of tlds 
most important expedition, by Mr. J. Gwyn JeflFreys, in " Nature," pages 136 and 
166, Dec, 1869. The explorations on the Atlantic coast of Ireland by Mr. Jef- 
freys, extended down to the depth of 1476 fathoms, revealing a diversified fauna of 
an arctic character at all depths. Prof. W. Thomson conducted the explorationaiD 
tlie northern part of the Bay of Biscay, where the dredgings reached 2435 fetb* 
cms, with excellent results. Dr. Carpenter took charge of tiie additional exptoa* 
tiona north of Scotland. The results of this expedition are of great interest aai 
the new discoveries very numerous. It added 117 species of mollusca to the 461 
previously regarded as belonging to the British fauna. Of these 66 are new to 
science. The molluscii obtained in 2435 fathoms are Fecten fenestrcUus (Medite^ 
ranean), Dacrydium vitreum (Arctic), ScrobiaUaria nitida (Finmark to SicQy), Ik^ 
ra (new), Dentalium (new). ' 

{Annals and Magazine of Nat Hist, Oct, 1868. 
The Swedish expedition of 1868 obtained in soundings a Otuna and a finfr 
ment of Astarte from 2600 fathoms. 

f Bulletin Mua Comp. ZooL, pp. 347 and 357. 
See the remarks of Prof. Sars on this subject in the work quoted above. 
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cipated from the fact that many burrowing annelids, Crustacea, 
id shells, which are rarely if ever exposed to the light, are bril- 
ftntly colored. 

Therefore the presence of color-markings on fossil shells is not 
1 evidence of their shallow-water origin, as believed by Forbes 
id others. The finely colored specimens of Volvta Junonia^ 
redged living by Pourtales in 360 fathoms, are a sufficient refu- 
ktion of this theory. 

4. P*rof. Sars mentions several specites of deep-sea Crustacea hav- 
ig perfectly developed eyes, showing that light penetrates to far 
reater depths than is commonly supposed.* But the decrease 
fsearweeds and their almost complete disappearance at about 100 
ktboms may perhaps be due to the diminution or modification of 
le light 

5. The generally received theory that the temperature of the 
'ater at great depths is everywhere the same, in all latitudes, viz : 
lat at which sea-water has its greatest density, formerly said by 
[erschel and others to be 39°, but more recently shown to be that 
f the freezing point of sea-water (26°'4 to 27°'4 Fahr.), is not true, 
t least for depths down to 700 fathoms, as shown by the observa- 
lons of Thomson and Carpenter. 

6. The same observers have satisfactorily shown that temperature 
I the main agent in determining the distribution of deep-sea ani- 
iials, which had been previously shown to be the case among 
hallow-water forms, and that mere depth or pressure has little or 
10 influence directly. But the chemical composition of the water 
as the amount of oxygen) aid the character of the bottom doubt- 
ess have their influence. 

7. The last observation is connected with the discovery of two 
iontiguous, but distinct, deep-sea faunse, living side by side at 
imilar depths (400 to 600 fathoms) ; one eminently arctic in 
^laracter, occupying the "cold area" on a sandy and stiony bottom ; 
he other similiar to that of the region between Florida and Cuba, 
tnd occupying the " warm area," with a bottom of calcareous in- 
Qsorial mud. The last fauna, or at least some of its species, ex- 
ends over a region of vast extent, both in latitude and longitude, 
ome of the species ranging from Florida to within the iVrctic 
[Srele, and on ooth sides of the Atlantic. 

8l The discovery of species, genera, families, and even sub-ordors, 
npposed to have become extinct, leads us to expect that other lost 
brms may still have living representatives in the vast unexplored 
regions of the ocean.f Among the remarkable discoveries, may 
be mentioned the Rhizocrinus ; the Haplophyllia paradoxa Pourt., 
iliYmg representative of the " Rugosa " group of corals, supposed 

• Other remarkable instanoes are mentioned by Jeffreys: as Lacuna teneUa and 
i atalk-eyed crab from 808 fathoms ; Trochus minutissimus Migbels and Ampeliaca 
^ 1230 fathoms; a stalk-eyed crustacean from 1476 fathoms; a large now Fa- 
it from 1207 fathoms; a Plewotoma from 2090 fathoms; and Octopus cocco from 
IS fathoms, all of which are said to have well developed eyes. 
f The Porcupine expedition obtained a number of species of shells previously 
io?ni only from the Tertiary (Coralline Crag and Red Crag). 
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not to have lived since the Carboniferous period ; various nev 
forms of sea-urchins, described by A. Agassiz, having their nearest 
allies in the Cretaceous, etc. fhe discovery of the living Cys- 
tidean noticed in the last number of this Journal is another fact 
of the same kind, and so remarkable that it mav not seem unrea- 
sonable to anticipate hereafter the discovery of living Ammonites 
and Trilobites. 

9. These investigations have thrown great light upon the mode 
of deposition of certain geological formations, especially the chalk, 
and at the same time illustrate the manner in which, under the in- 
fluence of currents of diiferent temperaturea, a chalk and a sand- 
stone, with entirely distinct faume, may be deposited side by side 
at the same depth and, su]>po8ing the currents to be modified, how 
the two might alternate, thus accounting for the extinction of famift 
and the re-aj)pearance of '* colonies," as noticed by Barrande. 

1 0. Dr. Carpc»nter and Thoindon claim that the chalk formation 
now depositing in the dee]) Atlantic is a direct continuation oitht 
chalk formation of the Cretaceous period, some of the living spe- 
cies being regarded as identical ynih Cretaceous fossils, while 
others, closely allie<i to fossil forms, are supposed to have been mod- 
itiod during the lapse of time by " natural selection," or in some 
other way. 

3. Catalogue of t/is Mammals of Massac/itisetts ; with a Cnd- 
cal Revision of the S/^cifs; by J. A. Allen. Bulletin of the Mur 
seum of Comp. Zoology, No. 8. Cambridge, October, 1869. — This 
includes not only a list of the species, with their principal synonyms, 
but also valuable information concerning their distribution, and 
their relations with the sjiocies of the old world. ^Ir. Allen admits 
much Ljreater variations in th(» species of mammals than most mod- 
ern writers, and shows that this variation is often as great in sped- 
mens from diftorent parts of North America as between specimens 
from the two continents. Consequently he has regarded many of 
our manmials as identical with those of Europe and Asia. Among 
these are the black bear, common wolf, rvd fox, two weasels, mink, 
sable, beaver, moose, and reindeer. In some cases, however, he 
has ])robaV>ly gone altogether too far in uniting species ; as in con- 
sidering the black-bear, the grizzly-bear, the barren groimdbear, 
and the European bear all one species; and in his treatment of 
the genus Marina, lie has also overlooked a specimen of XtOr 
sorex palustris in the Museum, trom Norwav, Me., described by 
me in the Proc. Boston Society of Natural flistory. v. 

IV. ASTRONOMY. 

1. Report on the Recent Eclipse of the Sun / issued under the 
direction of the Superintendent of the Naval Observatory.— 
This handsome volume of more than 200 pages has appeared 
first of any of the rej)orts of the government expeditioiLS, only 
detached portions of those of the Nautical Almanac and Coast 
Survey having yet been published. Commodore' B. F. Sands, 
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>apt. of the Naval Observatory, took early measures to secure 
horougli observations, and assigned four of the five professors 
iid two of the other astronomers at that institution, to the duty 
►f observing the eclipsa In pursuance of the plans Prof. Hall 
Dd Mr. Rogers repaired to Plover Bay, on the Asian sliore of 
^hriug^s 8traits,Professors Newcomb, liarkness and Eastman estab- 
ished themselves at Des Moines in Iowa, and Mr. Bardwell went 
o Bristol, Penn. The War Department lent its assistance by 
Letailing Dr. Curtis of the Army Medical Museum, who has won 
leserved distinction by his success m micro-photography, and who 
iccompanied the Des Moines party. The volume contains reports 
rom each of these gentlemen, and to these are added others from 
Vlr. J. H. Lane, of Washington, from Mr. W. S. Gilman, Jr., of 
S^. Y., a lover of astronomy wlio has given s])ecial attention to 
lolar obsei'vations, and from Gen. A. J. ^lyer, chief signal officer 
>f the army, who witnessed the eclipse from the summit of a moun- 
tain in Southwestern Virginia,— these with the prefatory intro- 
duction of Commodore Sands composing the work now issued, 
which is copiously illustrated with cuts and engravings. 

Prof. Newcomb's point of observation was near the Court-house 
in Des Moines, latitude 41° 35' 4', on long. 1^' 0'" 17'-0 west from 
Washington. Following out trhe ideas previously suggested by 
bim in this Journal, he affixed circular screens of different di- 
ameters to a horizontal arm, projecting from the gable end of the 
Court-house, so as to occult the sun for his points of observation ; the 
largest being intended to hide the corona from the field of his 4-incli 
comet-seeker. After a sharp determination of the first cont act with 
a power of 40, in this instrument, and an aperture reduced to one 
inch, be carefully pointed an 8-inch telescope, roughly mounted for 
the occasion, and the comet-seeker, to the sun at known moments ; 
thus fixing their positions for the purpose of mapping the places 
of any objects which the totality might disclose in either field of 
Tiew, after which he designed moving the telescopes into other 
positions, and counting any objects which might there be visible. 
Then retiring into a dark place, he awaited the total phase. 

The corona appeared less bright than he had anticipated, and 

earefiil scrutiny along the ecli])tic showed not the faintest trace of 

any flush of light extending beyond the rest in that direction. 

Nothing was visible in either of the two telescopes, nor did a 

«weep near the ecliptic with the comet-seeker disclose any object 

whatsoever. This miportant question being thus answered, and 

the \'isibilitv of any inferior ])lanet or group capable of accounting 

for the motion of the perihelion of Mercury being made highly 

improbable. Prof Newcomb proceeded to the study of the corona, 

irith and without the aid ol the comet-seeker. 'The great ])rotu- 

berance in the S.VV. quadrant seemed to him strongly pink, not 

oniform in structure, nor at all resembling a fiame, but like a huge 

pile of cumulus clouds, illuminate<l by white and red liglit. He 

was able to trace the corona with his naked eye only to a distance 

equal to the moon's semidiameter and he saw no long rays oi" light, 



186 Scientific Intelligence. . 

but a jagged and serrated edge. The sky at Des Moines was how- 
ever quite hazy. But seen through a green glass the corona 
seemed composed of four or five prominent portions, smooth in 
outline, shading away imperceptibly, and in no case exceeding 5' 
in height He regards the serrated appearance and the pointed 
rays as subjective phenomena. The moment of end of totality 
was noted with the naked eye, and the last contact with the 
comet-seeker, as before. Comparing his observations with the 
computed times, he finds the contacts to have occurred later than 
pre(uct<;d by 12'"6 for the first, 10**4 for the third, and Y*'8 for the 
last ; whence he infers 

Peirce's }) — Hansen's is too great by 6 ""3, 
whereas, Hansen's }) — LeVenicr's is too great Dy 2*7. 

Prof. Harkness constructed a building for himself, Prof. Eastman 
and Dr. Curtis at another point in the city of Des Moines, and . 
determined his position as latitude 41 ° 35' 35^'-9, long. 1*» 6™ 1«' -05 
W. from Washington, by means of observations which are repro- 
duced with great fullness of detail At the Iwginning and end 
of the eclipse he was engaged \inth Dr. Curtis in taking photo- 
graphs, upon which he had decided to rely for the times of firet 
and last contact ; but during the totality he devoted himself en- 
tirely to the spectroscope. W ith this he obtained, from a very bright 
part of the corona in the long beam to the southward, a continuous 
spectrum without absorption lines, l>ut with a single bright line at 
1497 of Kirchhoffs scale. From the groat protuberance at 240** 
he obtained the lines C and F, that near D, and three others, two 
of which were h and the well-known third hydrogen line. The 
remaining one was that which he saw in the corona, and in all the 
protuberances without exception, and recorded as corresponding 
to K. 1497. It must we think have been K. 1474, which was 
recognized by so many other observers and which Lockyer and 
Young have always found in the chromosphere. The moderate 
dLsj)ersive power of Prof Harkness's spectroscope would, as he 
states, render it difficult for him to discriminate with it between 
nejir lines. 

Prof. Eastman's report contains the results of meteorological 
and photometric observations (which during the two days preced- 
ing the eclipse must have been far from encouraging), of ooserva- 
tions of the contacts and of the corona. Of this and the appea^ 
ances of the protuberances to him, he has given two colored 
en sera vine's. In each the same outline serves for the corona : and 
indeed he expressly states that he '* could not detect the least 
change in the color or position of the rays during totality.'* 
Beside these labors he assist^nl Prof Harkness during the totalityt 
by directing the spectroscope. Amid so many avocations it is sur* 
prising that Prof Eastman could have accomplished so much, and 
that so well. We cannot avoid the conviction that had he beea 
master of his own time during the total phase, he would not have 
failed to detect the decided fluctuations of form which the corona 
exhibited to more than one ol>server at Burlington. Like Pro£ 
Newcomb, he found the color of the protuberances strongly red. 
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Dr. Curtis's report relates to the photographic operations which 
xe described with very great minuteness. To those familiar with 
he exqnbitc photographs which he has made at the Army Med. 
iloseum, it is needless to say that his preparations were evidently 
nade with great forethought, and that abundant skill was dis- 
played. A haze which veiled the sky, rendered a much larger 
exposure requisite than would otherwise have been given, but the 
photographs are of high excellence. The two taken during totality 
are given in engraved representations, impressions from the origi- 
nals accompanying. These are very fine, rivaling those of the 
Burlington and Ottumwa parties. J or the first, the exposure was 
66 seconds ; but details of the protuberances are beautifully shown, 
which would not have borne an exposure of one-third that length in 
a transparent atmosphere. Even the lunar motion seems scarcely 
to have interfered with the definiteness of the image. 

It is to be regretted that a national enterprise carried out at the 
public expense should ever be made an agency for personal pole- 
mics, which indeed seem peculiarly out of place when aimed at 
any private citizen of the same nation, since he is theoretically 
one of those in whose behalf the investigation has been made. 
The greater part of one of the quarto pages is occupied by a note 
b fine print in which Dr. Gould is ratner sharply assailed for his 
?iew8 as given on p. 435 of our last number. This is no place for 
any maintenance of those views, but two paragraphs deserve a word 
of comment. 

**Dr. Gould adduces, as an additional arg^ument in favor of his assumption, the 
obfleiration that the long coronal beams appeared to him to be " variable," while 
the '* aureole " photographed was evidently " constant " during the time of totality. 
This argument however loses some of its force when it is remembered that to 
other obt^rvers the corona appeared to the eye absolutely unchangeable both in 
fena and position during the whole period of the total obscuration." 

We are far from attributing to Dr. Curtis any intention of gi^^- 
ing his language the discourteous significance which some might 
infer, otherwise no rejoinder could be possible. But we would 
roggest that special observations devoted to a particular point 
should prima facie outweigh general negative impressions. In 
the present case, if Dr. Gould's evidence be regarded as for any 
reason incompetent, there happens to be corroboration of his state- 
ment by other gentlemen whose attention he called to this point. 
And there is in addition the reasonable certainty that less than a 
twelvemonth will decide the question definitely, since attention 
will doubtless be specially directed to this point at the eclipse of 
^. next. Perhaps it might be the wisest, as it would certainly 
he the most considerate, course, to await such decision. 

In the other passage Dr. Curtis says : — 

" — the circumstance affords but another example .... of the necessity that 
I critic before attemptinpr to draw scientific inferences from tthotographic repre- 

Witutions fthould himself become something of a photographer And by a 

■Bguhir coincideuce, evidence that Dr. Grouldhas not a practical acquaintance with 
til* art would seem to be afforded in this seme publishevl letter by his total uiis- 
interfiretation of another purely photogrnplic effect, viz : the apparent encroach- 
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mont of tho prominences upon the disk of the moon as seen in the photr>gnphi 
ThiM cMirioiiR apix'unmce, instoa*! of hcuig due to ** specular reflection *^ is whoUja 
dark-room phenomenon, as ^ill be explained in the text." 

That Dr. CiirtlH^s explanation is entirely adequate in most cases 
we readily concede. liut when Ulloa in 1778 saw the brightneag 
of the ]>rotuberancet4 projected so far upon the lunar disk that he 
thouglit the sun was shining throu^^h a hole in the moon, there 
were no photo<^raphs. And had circumstances brought to Dr. 
Curtis's notice as many dozens of cases as have come to our knowl- 
edge, in which the great j)rotuberance of last Au^st was seen 
both by scientists and laymen, with and without optical aid, toap- 
pcjir as " a <leep notch in the moon," we think he w^ould have qual- 
ified his language. Dr. Gould has expressed his belief that thia 
phenomenon is due to S]>ecular reflection from the Imiar surface; 
others may with great reason attribute it to the influence of irradi- 
ation; but it cannot be solely a photographic effect, however such 
efiirls may coincide. ^ 

Dr. Curtis has also given the results of some interesting experi- 
ments made to detennme the origin of the glow seen upon the sun, 
aroun<l tlie moon's limb, on the photographs ; a glow which has 
been found real and not the result of contrast, in all the imprea- 
sions taken last August. This he believes to be a result of diffrac- 
tion, a view wliich we fully shared, as those present at the August 
session of the National Academy will remember. And by experi- 
ments involving <liffractive action, he has produced artificial eclipse- 
jihotograpiis exhibiting the same api)earance. But the recent ex- 
piM-iments of Prof. Morton, of which Dr. Curtis must have been 
unaware, settle*! the (picstion some time since by the production of 
other artificial eclij»se-pictures by methods which exclude diffrac- 
tion, yet manifest the crejmscule as clearly as in the original pho- 
tographs. Such pictures have for a considerable time been in dU" 
possession, and Prof. Morton found the explanation of the phenoDa' 
enon in a local re^levehipment of the negative. This explanatiop 
seems fully to account for Dr. CurtisV results as well as for his 
own. 

Mr. Lane's attention was given to teloscopic observation of tb^ 
contacts and the corona; ooservations which were evidently cat^ 
ried out with his diaracteristic ability, but space is unfortunately 
wanting to us for a full description of liis paper. Among othe*" 
things, he measuriMl the dimensions of two ot the flocculent massed 
or" comet oid bodies," in the protuberant aggregation at 110* 5 
and he was able to trace the outline of the moon's eastern limbfo^ 
i2"' T)"* after the end of the total obscuration. 

Mr. (iilman's observations were made at Sioux Citv, Iowa, lati- 
tude 42^ 47.y, lonjfitude I*' l*'r" 23*. liis memoir is illustrated b3 
nuniiTous interesting «liagranis, among which are sketches of spot' 
and facuhe on August 5, 0, and 7 . Some seconds pn*viou8 to tt*' 
oei'urrence of totality, the great protuberance and a large portio^ 
of the c«>rona were seen l»y two of his companions. This prot"*^ 
berauee ^*JU) ') was where Mr. Gilman had seen a bright double 
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facula just before the first contact. Examined with a 4-inch tele- 
scope, it appeared of an orange-color, dotted with minute flakes of 
brilliant ciimson. Another highly interesting fact is tliat four of 
the party saw an object which they confidently believed to be a 
star near the limits of the cbrona, in the neighborhood of the great 
protuberance. The position described was that of n Ca//cr/ [mis- 
written n Jjeonis, inAstr, Nachr,^ Ixxiv, 375] which was seen with 
one of the telescopes at Burlington. If this star was detected or 
seen by the unaided eye, no higher testimony could be brought to 
the keenness of the observer's vision ; for its magnitude is but 5 -8, 
being only three-tenths of a magnitude brighter than the faintest 
star visible to the average eye on moonless nights. 

Mr. Bard well, besides observing the times of contact, searched 
for inferior planets, and with the same negative results which oth- 
ers obtained. 

Gen. Myer was at the summit of ' White Top Mountain,' near 
Abingdon, Va., 5,630 feet above the sea level. He saw the bright 
specks noted by so many as flitting across the moon's disk, and 
which some, erroneously, as we believe, have supposed to be me- 
teors. Witii a deep-red shade-glass, " while some two digits of 
the sun were still uneclipsed," he noted a huninous prominence of 
yellowish color upon the moon's limb. Many of the details of the 
total phase were distinctly visible to the naked eye in this clear 
atmosphere, and when the last line of sunlight separated into beads, 
the guides exclaimed that the sun was breaking to pieces ! 

We have dwelt so long upon the observations within the terri- 
tory of the United States, that no opportunity remains to give de- 
l tails regarding the observations of I^rof. Hall at Behring's Straits 
(latitude 64° 20', longitude 6*' 25"'). After their long voyage and 
hopeful endurance, they had the disappointment of seeing clouds 
dnft over the sky, about an hour before the eclipse began. With- 
in an hour after it had ended, the sky was cloudless again. The 
wm and moon were invisible from a snort time before until a short 
time after totality, but the darkness was greatest between 9 17^ 
and 9 20 a. m., — during which period there was less light than at 
the midnight preceding. The report is accompanied by copious 
meteorological and magnetic observations, which bear witness to 
the fullness of the preparations made, and testify that nothing with- 
in the control of Prof. Hall was wanting to render his results ex- 
ceedingly valuable. Capt. S. R. Franklin of the United States 
Steamer Mohican, saw three protuberances upon the moon's disc, 
but no more. b. a. g, 

2. On the flight of a remarkable meteorite across the Western 
portion of Ohio near Forest, lat. 40° 50' and long. W., 84^ 40'; 
oy J. Lawrence Smith, Louisville Ky. — A few minutes before 
three o'clock on the morning of Oct. 27th, the citizens of Forest, 
and for miles around, were suddenly aroused by a terrific sound in 
the npper regions like the report of a heavy siege gun, followed 
Wtwo or three reports in quick succession, resembling the re])orts 
<« field pieces fired by section, and ended in a peculiar and rather 
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metallic, rumbling or roaring sound, dying away in the distance. 
The interval between the lirst and successive reports was two or 
three seconds; the other intervals about one second. The 
firmest houses were shaken, windows rattled, and thousands 
of sleepers were roused in an instant, bewildered at the 
unusual and appaling noise; and many were the conjectnres 
as to what it was ; some thought it was an earthquake, but to the 
greater part it was simply an inexplicable phenomenon. Persons 
who happened to be awake at the time, were first startled to see 
the nii^iit suddenly lighted into day, and soon relapsed again into 
the usual darkness. While wondering what caused it, the stnn- 
ning sound broke in upon them and greatly increased the mystery. 
The time between the going out of the light and the report is 
estimated by citizens here at from one-half to one minute. 

Mr. Pierson of Patterson, a village about one mile, a little west 
of south of Forest, states that he saw the meteor coming directly 
toward him, from a direction about S. 36° W. ; that it was a baU 
of fire apparently as large as a bucket, exceedingly bright and 
dazzling and had a luminous tail apparently thirty feet long and 
three feet wide; that it vanislied or exploded, as he thought, 
directly overhead. At Finly, twenty miles northwest of Forest, 
the statement is, that there at about 3 o'clock on Wednesday 
morning, Oct. 28th, the inhabitants were aroused by a terrific 
explosion somewhere in tlie upper regions. 

The night was one of clear moonlight, and exceedingly cold for 
the season. The night watchmen had witnessed it ; and one says 
the he firet saw it in the southeast, in size, seemingly, as large as 
a beer keg, and of intense bnghtness ; that it descended, leaving 
a luminous streak behind, and that when near the earth, it explo- 
ded, with a terrific sound, and tierce brightness; that the light, 
alter the explosion, took a southerly course, and disappeared. 
Another watchman reports that at the time of the explosion, it 
appeared as large as a load of hay, and that the sound of the 
explosion was stunning, not like a quick sharp report of thunder, 
but, as he termed it, more like the coming together of railroad 
cars, but much louder, and that the light was brighter than that 
of the sun. The direction <>f the meteor from Finley, as given by 
the watchman, with the bearing of the meteor's path, as describea 
by Mr. Pierson of Patterson, and the fact, that to many the sound 
seemed nearly overhead, would indicate that it exploded or ter- 
minated its course in the vicinity of Forest; yet a carefiil 
investigation might prove its terminus to be many miles from that 
place. The sound seems to have been heard for perhaps fifty miles 
around, if not more. The stones nr fragments that have fallen, 
may never be found, o\^'ing to the fixct that the explosion was at 
night, and the consequent difficulty of determining its exact local- 
ity. In Kenton, Ohio, the phenomena are said to have occurred a 
few minutes before 3 o'clock and consequently they were not well 
observed ; many persons saw the light but not the meteor, and all 
were sensible of the shock and sound. The meteor did not pass 
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place nearer than twenty miles, and the best judges give its 
ation at from two to three minutes from the flash to the explo- 
.. The sound was of such force as to shake the houses and 
ly believed it to be an earthquake. 

hese are all the statements I have been able to obtain in regard 
he appearance of this meteor and its accompanying phenomena, 
ras beyond all doubt a meteorite, and I am using all possible 
kns to discover any fragments that may have fallen. I must 
Qowledge the assistance afforded by Mr. Moore and Mr. 
»mson, of Ohio. 

. JSlemenis of Asteroid (109) ; by Wm. A. Rooers. (From a 
er dated Alfred Observatory, Alfred, N. Y., Dec. 21st, 1869.^ 

herewith communicate for the Journal the elements of (109) 
ch I have computed from the following observations : 

Date, W. M. T. Place of obsoryatiozL a 6 

^ 9, 13 26 32, Hamilton Coll. Obs., 14 00 46-9+9 37 16-0. 
, 81, 8 44 33, Hamilton ColL Obs., 9 11 27*8 9 64 47-8. 
. 31, 8 44 33, Alfred Observatory, 9 11 32-4 9 64 48*0. 
V. 28, 7 16 67, Alfred Observatory, 8 7 49*2 11 9 8-17. 

Epoch Oct. 90, W. M. T. 

M=:339 16 02'6 

in = 65 22 43-3 

Mean Eq. 1869-0^ St= ^ 67 362 

( t = 8 4 10-6 

<p = 17 16 40-7 

fi =804-8804" 

log a=: -4296348 

- computing an ephemeris, I find : 

log aj=9-9999681 + log sin (v + 145° 19' 47"-4) 
log y=:9*9307966 + log sin h -f 65 46 21-1) 
log 2=9-7181204 + log sin (v + 64 11 42-2) 

V. MISCELLANEOUS BIBLIOGRAPHY. 

. .Eiieercises in Practical Ctiemistry^ by A. G. Vernon Har- 
rRT, M.A., F.R.S., Sec. C. S., and H. G. Madan, M.A., F.C.S. 
ies Ist, Qualitative Exercises. 336 pp. 12mo, Oxford, at the 
rendon Press, 1869. London, Macmillan & Co. — This little 
ume is designed as the beginner's vade mecum in commencing 
study of practical chemistry in the laboratory. No attempt at 
^stematic presentation of the elements of the science is here made. 
B novitiate is presumed to be eoually innocent of nomenclature, 
ubols and philosophy and is lea into the laboratory much as an 
)rentice to a trade, and is therefore first made familiar with his 
Is, and how to use them in the most simple operations before 
n attempting the preparation of oxygen and otner gases. It is 
Btrated oy sixty-five wood cuts, mostly new and many of them 
y effective. The nomenclature is that of Williamson. Symbols 
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expressing the more important reactions are given at the foot of 
the pages where needed. We look with interest for the second 
series on quantative chemistry. 

2. On Aniline and its derivatives, A Treatise upon th£ manu- 
facture of Aniline and Analine Colors^ by M. Reimaxn, P.D., 
L.A.3I., to which is added, The report on the coloring matten 
derived from coal tar, shown at the French Exhibition^ 1867; by 
Dr. A. W. HoFMAN'N, F.R.S., MM. G. de Lairb, and Ch. Girabd. 
The whole revised and edited by William Crookes, F.R.S. 4c. 
8vo, pp. 164. (John Wiley and Son, Astor Place, New York, 
1868. — Dr. Reiniann's account of aniline and its derivatives is a 
fine example of the union of exact science, with practical skill, and 
as such teaches an important lesson beyond its special theme. It 
could not have had a more valuable supplement than in the 
admirable report of Dr. Ilofmann and his associates, on the coal 
tar colors shown at the French Exhitition of 1867. The book, 
though published by ^Messrs. Wiley, was printed in London, by 
Mr. Crookes at the office of the Chemical News. 

3. A short Course in Qualitative Analysis^ with the New Notation; 
by J. 31. Crafts, Prof, of General Chemistry in the Cornell Uni- 
versity. 1 33 pp. rinio, with five Tables. N. \ ., 1869. (J. Wiley & 
Son.) — Prof. Crafts is well known to our readers from nis frequent 
valued chemical contributions. He has, in the small volume be- 
fore us, attempted the solution of a problem which every chemical 
instructor must meet whose duties call him to impart to a mixed 
class of academic students a maximum of knowledge in a mini- 
mum of time. A considerable portion of the first two chapters 
is devoted to an explanation of the theory of chemical reactions 
and nomenclature. The student is at once inducted into the no- 
tions of niodorn chemistry and familiarized witli atomicity and 
tlie ])resi'nt chemical nomenclature. It is certain that under a 
good toacher any faithful student will master the main points of 
qualitative analysis by the time he has gone through the second 
part of this useful little volume. Only 34 of the 64 radicals known 
to chemists are treated of in this book. This brevity sometimes 
mars symmetrv and renders the work of the student almost too 
simple, as when, for example, strontium is left out of group IL 
The tables IV and V, intended to record in a compact form the 
facts of analytical chemistry, are ingeniously devised by Mr. Pe^ 
kins, to give the student exact ideas and methodical habits. 

4. 77ie Fniits andFi'uit trees of America^ Ac; by A. J. Downing. 
Second revision and correction^ with large additions^ by Ciiables 
Downing, pp. 109S, 8vo. New York, 1869. (John Wiley & 
Son). — Those cultivators of fruits who have been accustomed to 
handle the small duodecimo volume, which was left us by it* 
lamented author under the above title, will hardly recognize their 
old acquaintance now grown to such portly dimensions. But the 
sam(j rural flavor and discrimination are found in the work which 
Mr. Charles Downing has given us, that rendered the original edi- 
tion of this work by his gifted brother a universal favorite on both 
sides of the Atlantic But under Mr. Charles Downing's editorship 
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Is work has become in fact a pomological encyclopedia, embrac- 
X a vast number of vafieties of various fruits, which are of 
ierest to the curious reader rather than the cultivator. For 
ample, not less than 2800 varieties and synonyms of the pear 
i mentioned, while few cultivators in the Eastern United States 
int over twenty or thirty sorts. Fortunately for the novice in 
mology, Mr. Downing adds well considered select lists of the 
rious fruits, that of the pear containing about seventy varieties, 
lich serve to redeem the planter from chaos. The chapter on the 
ipe, is enriched by well drawn figures of the most approved 
18 of American origin, most of which have been produced by 
Itivation since 1845, when the first edition of Downing was 
blished. It would have been well if the general introduction 
this fruit had been rewritten or extended to embrace important 
w matters, as the sulphur treatment for Oidifim Tuckeii^ the later 
searches on the insects infecting the vine, and the considerable ex- 
riences which twenty years have given us, relating to vineyard 
Iture and American vines. 

The title of this book reminds us that its contents do not cor- 
»pond to what it calls for. To one familiar with fruit culture 
It exists on the Pacific coast of the United States, Mr. Down- 
g's book appears more foreign than any European work on hor- 
julture can to a cultivator living upon the Atlantic shores of the 
ntinent. It would have given a completeness to the work, if 
had briefly sketched the main peculiarities of the most remark- 
ile fruit-growing region of North America. 
6. Agrwulturcu Qualitative and Quantitative Chemical Anal- 
iSy (after K Wolff, Fresenius, Krocker and others), by G. C. 
WLDWELL, Professor of Agricultural Chemistry in the Cornell 
oiversity. 300 pp. New York; (Orange Judd & Co.). — ^This 
)rk, prepared froi^ the best sources in a thoroughly conscientious 
d iudicious manner, supplies a want now beginning to be seriously 
It m this country. 

Prof Caldwell's book is intended to serve as a complete manual 
chemical analysis for the use of agricultural students. The 
les of its chapters are — I, Reagents. II, Analytical Operations. 
I, Reactions and Methods of Quantitative Estimations. IV, 
)ecial methods of Analysis, viz : Course in Qualitative Analysis, 
eluding the elements encountered in Soils, Plants and Agri- 
dtural Products, Estimation of Water, Organic Matter, Sulphur 
id Chlorine in Organic Compounds, Separation and Estimation of 
e Alkalies, Alkali-Earths, Alumina, oxyds of iron and manga- 
tse, silica and phosphoric acid. V, Analysis of Soils, Rocks and 
arls. VI, Analvsis and Valuation of Fertilizers. VII, Ash- 
nalysis. VHI, Analysis of Fodder and Food. IX, Wool and 
ark. X, Beverages. XI, Tables. We trust that this volume 
ill be studied and used by every student in our Agricultural Col- 
ges, for the knowledge that can be acquired only by following 
id by applying its methods is not only of the utmost importance 
> the individual farmer, but bears most seriously upon the devel- 
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opment and conservation of our greatest national resource, the 
productive power of our soil. t j. 

6. Lithologie des Mere de Vancien monde, par M, Delssse. — We 
have received from the author two beautiful charts, illustrating 
the above work, which we propose to notice in another number. 

7. Hydraulic Motors ; translated from the French cours de 
M^canique appliqu^, par H. Brbssb, Professeur de M6caniqae a 
PEcole des tronts et Chaussees, by F. A. Mahax, Lieutenant 
U. S. Corps of Engineers. Revised by D. H. Mahan, LL.D., Pro- 
fessor of Civil Fngineering, ifec. United States Military Academy. 
165 pp. 8vo. 1869. New York, (John Wiley & Son. J — A conyen- 
ient and thorough treatise on the subject of Hydraulic Motors. 

8. WeishacJCs Mamuil of Mechanics^ voL i, part n, 8vo. New 
York, (D. Van Nostrand). — The second part of the first volume of 
Weisbach^s Mechanics, noticed in our last volume (p. 449), has just 
been received. 

9. A I^actical TVecUise on Metallurgy^ adopted from t?ie last 
German JEdition of KerVs Metallurgy ; by Wiluam Crookbs, 
F.Ii.S., and Ernst K5hri6, Ph.D., M.E. In three large volumes, 
8vo. London, ^Longmans ifcCo. ; New York, John Wiley <& Son, 2 
Clinton Hall, Astor Place.) — These volumes take up the subjects in 
the following order: Vol. I, Lead, Silver, Zinc, Ca<hQium,Tm, Mer 
cury. Bismuth, Antimony, Nickel, Arsenic, Grold, Platinum, Sul- 
phur. Illustrated by 207 wood engravings. 724, pp. 1868. VoLU, 
Copper, Iron. Illustrated with 273 wood engravings, pp. 876, 186». 
Vol. Ill, Steel, Fuel; Supplement Illustrated witn 145 wood- 
cuts. 803, pp. 1870. We have no space at th^time for a further 
notice. 

10. Reliqum AquUaniccB; by Messrs. Lartet & CHSisn. 
edited by Prof. Thomas Ruj)ert J ones. Part ix, of this beautiftl 
work on the Archaeology of Southern France, ^as been published. 

Lea on the Genua Unio, Index to Vol. xn and supplementary index to Tola i to 
zi of Obsorvations on the Genus Unio, together with Description of new species of 
the Family Unionidffi and description of new species of Molanidae, Paludinse, Heli- 
cid£e, etc Isaac Lea, LL.D., etc Philadelphia, 1869. 
Bulletin of the National Association of Wool Manufacturers. Oct, 1869. BoetoOi 
Address delivered on the Centennial Anniversary of the birth of Alexander fon 
Humboldt imder the auspices of the Boston Society of Natural History, by Loda 
Agassiz. Boston, 1869. 108 pp. 8vo. 

Mammalia of Massachusetts, by J. A. AUea 112 pp. 8yo. Bulletin of the Mo* 
seum of Comparative Zoology at Harvard College, Cambridge, Mass. No. 8. 1869. 

Alexander von Huhbolot, eine wissenchaftlidie Biographic, by Dr. Carl Bruhn^ 
aided by various Savans of Germany, is soon to be issued in two large volumes by 
F. A. Brockhaus of Leipzig. 

Obituary.— Thomas Graham, author of the excellent "Elements of ChemistiTi" 
and since 1855 Master of the Mint, died Sept. 16lh, in his 64th year. 

AxxL Joachim Erdmann. Director of the Geological Survey of Sweden, tnd 
eminent in Minomlogy as well as Geology, died at Stockholm on the Ist of Decen- 
ber last, ui the age of 55 years. 

O. L. Erdmann, the distinguished Chemist, and editor of the Joumal fiir prik* 
tische Chemie since 1843, died on the 9th of October at Leipzig, aged 65 yean- 

MiciiAEi. Sars, the eminent zoologist of Norway, and one of the iirst In Europe, 
died at Christiania on the 22nd of October last, at the ai?e of 65 years. The last « 
his remarkable memoirs is noticed in the last volume of this Joumal, .(p. 142). 
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Abt. XVn. — Photometric JExperiments. Part fibst. — On a 
9mpk/arm of Photometer for determining the amount of Light 
TtJkctA hy Metallic Sarfdcea at different incidences ; by Oqdsn 
if. BooD, Prof of Physics in Columbia College. 

Ths fundamental idea of many forms of photometer is based 
on the comparison of two illuminated surfaces placed in imme- 
diatejuxta-position, and the ludmient of the experimenter is 
called on to decide when the Drightness of these aj)pears equal 
tf the difference of the two rival surfaces be considerable, the 
inequality will be perceived even by an unpracticed eye, but as 
the disparity is diminished the observer becomes less confident, 
Bind, passing into a doubtfiil and dissatisfied frame of mind, is 
W one moment inclined to consider the balance as gained, and 
U the next equally certain that it has been lost It hence fol- 
lows that no photometer of this form is adapted for investiga- 
tions at all amung at a refined character. 

Bunsen, to whom Physics as well as Chemistry is under so 
nany obligations, employs in the instrument which bears his 
lame another principle : here, it is not the equality in the bright- 
less of two aojacent surfaces, but the actual disappearance of a 
' spot " on an illuminated ground, the powers of the observer 
)eing now taxed to a much less extent, as it is merely a ques- 
ion of the visibility or invisibility of the "spot" The great 
.uperioritv of this latter principle is evident from the mere state- 
nent, ana it only remains to investigate how the proposed ad- 
rantage can best be realized in actual practice. It is, I believe, 
;eiierally admitted by those who have used Bunsen's photometer, 

Ajc JofJB. ScL— SaooHD Sbbim, Vol. XLIX, Na 14a.— Mabob, ISTa 
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that with it, the end proposed is only approximately attained, 
the spot never becoming absolutely invisible, but merely assum- 
ing what may be termed an appearance of maximum iaintDe8& 
Dove* has proposed a form of photometer, the general idea of 
which is not unlike that of Bunsen ; it consists of a compoimd 
microscope provided with a microscopic photograph on ^lasa, 
which serves as the " screen," the intention being to illuminate 
it from both sides, in such a way that the photograph should 
assume the same degree of brightness with its own border or 
ffround, and hence become invisible after compensation. In t 
former number of this joumalf I described a form of photometer 
partly based on this suggestion of Dove's, and at the same 
time detailed a few rough experiments that were made by its 
aid. Since then I have followed np the subject, and have ex- 
amined somewhat, with the help oi a more refined apparatofl, 
the practical application of the physical and physiologiad fffin- 
ciples involvea m its more perfect construction and use. 

The microscope and microscopic photograph I dispense with, 
gaining thus not only in economy but also in delicacy, while the 
plan of employing a silver-collooion film on glass was retained 
and proved of great value, and, as will be shown in the Beooui 
part of this paper, the idea of a total disappearance of the '^spot" 
was at length realized to the fullest extent, when the precautioD 
of using an absolutely unvarying illumination was observed 
I proc^ now to describe the instrument, and will afterwaid 
add some determinations that were made by its help. 

Description of the instrument " The Screen." — ^If we takei 
plate of glass covered by an opaque preparation, with a but- 
lace of some reflecting power, but without polish, and lajins 
bare a small portion of the glass, say ^^ of an inch square and 
having backed it up by a plate of ground glass, illuminate it 
front and rear by two lights, it is evident that a mass of li^t 
will be reflected to the eye of the observer from the opaque pig- 
ment, while light coming from the second source wul traverse 
the naked portion of the plate and reach the same destinatioB. 
This second portion, or that coming from the "spot," will have 
commonly a greater or lesser degree of intensity than that re- 
flected from the adjacent regions of the plate, so that we shall 
have either a bright spot on a dark ground, or a d^urk spot on a 
light ground, and an attempt to equalize the two illuminations, 
so as to eflfect the disappearance of the "spot," will be success- 
ful only under the following conditions : 

First All portions of the " spot " must be equally illumitt- 
ated, and it must have no texture, that is, must not peroeptiUf 
consist of nunute grains mingled with others having a tdBB a 
greater degree of brilliancy. 

* Fogg. Aimalen, Band ody, p. 146. f '^^ 3°cxTi, J^f, ISM. 
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Second. All those portions of the ground surrounding and 
in contact with the "spot," must be equally illuminated, and 
the texture of the ground must likewise be uniform. 

Third, The transition from the ground to the " spot " must 
be perfectly sharp and sudden, so that not the faintest border 
3an be seen surrounding it 

Fourifu K it be required to render the invisibility of the 
'^spot" more than momentary, it is equally essential that the 
ratio subsisting between the two sources of illumination should 
be truly constant 

K either of the first three precautions be neglected, the dis- 
ippearance of the spot becomes entirely impossible, while it is 
ymy by a peculiar arrangement of apparatus that the fourth can 
ictually be realized. (See second part of this article.) 

Screen. — ^A plate of colorless ^lass of good quality is coated 
with photographic collodion and immersed for a few minutes in 
ir solution of nitrate of silver, ("bath,") as though it was the in- 
tention to take a picture, (" negative ") ; it is then escposed for a 
oiinute or less to ordinary daylight, and a solution of photo-sul- 
ohate of iron poured over it This produces a dense opaque , 
aeposit of silver in the substance of the film, when the plate is to 
be washed well in plain water and dried. Its surface will be of 
I grey tint, and will vary somewhat in its power of diffuse re- 
Bection according to the sample of collodion used. A small 
ftmount of light is also regularly reflected by the upper surface 
df the collodion film, and in using the plate it is always so placed 
that this latter portion shall produce no effect on the result The 
x>Uodion film is now removed neatly, by the aid of a needle, 
iom a portion of the plate, so that a square with sides ^jf of an 
nch is laid bare, care being taken to leave the edges clean and 
rail defined, in which there is no particular difficulty, provided 
lie collodion was originally of the proper quality to cause it to 
idhere welL If the " spot " is made much smaller than the 
;bove mentioned dimensions it becomes an annoying object for 
observation, while if it be larger, it is difficult to illuminate it 

1. 
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niformly. This plate is seen at P, in figure 1, the collodion 
ide being turned toward the eye of the observer, and the other 
ide, except just opposite the spot, covered by a coating of lamp- 
lack mixed with weak shellac varnish, so as to leave a blacK, 
on-reflecting surface. At the distance of an inch from the 
ollodion plate, there is fastened, parallel to it, a plate of colorless 
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glass, G, finely groui^d on each side ; this is destined to receive 
tiie light from L. If only one surface of the glass be ground, the 
texture becomes plainly visible, particularly when, as in the ex- 
periments detail^ in the second part of this paper, the spot is 
magnified. Only so much of the ground elass plate is allowed 
to remain bare as is necessary, the remaimng portions on both 
sides are covered by black non-reflecting paper. Plates P and 
Q are then as it were roofed over, and enclosed on all sides by 
a small well fitting blackened case, destined to prevent the light 
from penetrating oetween them, and finally, to guard against 
possible errors by reflection from the walls of the room, plate 
(J is provided with a projecting blackened tube which cuts off 
stray reflected light P and G, constituting thus the screen, are 
fastened at the end of a pair of long parallel iron bars, B, B, 
made like the ways of a lathe, and provided with a scale gradu- 
ated in millimeters. The len^h of this iron frame is six feet 
Source of iUumination, — At E is the eye of the observer, the 
face being protected from light by the blackened screen, S. E, 
the center of the " spot," and the center of thie mirror experi- 
mented on, all lie in the same line, which is of course at the 
same time the axis of the instrument At H are- two small gas 
flames issuing from circular apertures, and destined to illuminate 
the collodion plate on the side next to the observer ; both are 
fed from the same source. The gas-burner at H consists of two 
thin brass tubes, half an inch in diameter and one inch long, 
connected together by a glass tube ; the circular apertures fa 
the flames are placed, at equal distances on either side of the 
spot, and as far from it as is found most advantageous in any 
particular set of experiments ; their distance from each other M 
seven inchea The direct light from the two flames is pre- 
vented from reaching the eye through the observing apertiue^ 
by small blackened screens, the same means being employed to 
arrest it in its course toward L. If instead of two, only a «Vwfc 
gas flame is employed at H, the ground around the spot will be 
unequally illuminated, and exact observations become impoflri- 
ble. Of course the direct light from these two burners whid 
penetrates through the "spot," must not be allowed to read 
that portion of the ground glass opposite it ; the distance o) 
the names apart must be so chosen that this becomes impossible 

The light from the movable burner on the other side of tb 
screen at L will be used direct and reflected. The small sind 
movable burner which supplies it, is similar to those alrea!^ 
described, and to it is attached a flexible india-rubber tab( 
which is supplied from the same source that feeds H ; it is ooi 
nected by a wooden column, (for the sake of insulating the heali 
to the arm A, fig. % 
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8 now to the joint Bupport of the arm, A, and of the 
o be experimented on. It couaiflts of a block of braas, 




^LT^^VW 



■ inches equare (aee fi^re 2, which la one-third of the 
«) ; its under smface is cut in such a waj as to fit the 
'allel iron bars and to elide on them easilv but steadily, 
i foundation block is iarther provided witn a vernier, V, 
off the distances on the millimeter scale. C is a gradu- 
cle six inches in diameter, and is provided with a clamp 
rhe hollow massive cylinder, e, supports the arm A, and 
Ties the axis of the support of the mirror. The screws, 
serve to bring the mirror into its correct position ; it is 

aeainat them^y a band of india-rubber attached to the 
f we mirror. It will be seen that owing to this arrange- 
lU the different parts have motions quite independent, 
by the clamping screws can at any moment be connected. 
, attached to this stand is a long light rod of wood, R, 
5 to the observer, and enabling him, oy varying the dia- 
etween this movable piece and the fixed screen, to effect 
.sation. ' 

Jfe Gaa tubes. — It occurred to me that by splitting a 
of gas and sending one portion to L, fig. 1, the other to 
ould be possible to secure a uniform ratio between the 
iminatioQS, as it would seem that any cause which in- 

the pressure in one of the branches of the tube ought 
uallj operative in the other, so that after a compensation 
■n effected it should be permanent In practice this was 
.nd to be the case ; the compensation point gradually 
its position in the course of the evening awajr from H, 
les to the extent of 50 or 60 millemeters. This difficulty 
ledied by a suggestion from Mr. Lewis Rutherfurd, who 
sd that the trouble came from the unequal length of the 
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two branches of the supply tubing, in point of fact, on giving 
them equal lengths ana diameters, ana making the compensa- 
tions slowly, so that the branch attached to L was not mucl: 
shaken or set in oscillation, this source of error became sc 
greatly reduced as in no way to interfere with the observations. 

Mode of measuring the amount of light reflected from a mir- 
ror. — ^To adjust the apparatus, it is first necessary that that di- 
ameter of the circle joming the 0® and 180® points, should be 
made parallel to the axis of the instrument, which is effected 
by the use of the vernier at X, fig. 2, the circle is then clamped 
Next, the vernier attached to the mirror is placed at 90°, and 
the mirror itself is made to assume a position at right angk 
to the axis of the instrument, by the aid of its three screws, 
and a small gas fiame placed on a support which rests on the 
parallel bars at a distance of two or tnree feet fix)m the mirror, 
it being so contrived that the center of this small flame shall 
just lie in the axis of the instrument The mirror is adjusted 
till it reflects the light of this smaU flame back to the eye 
through the flame itself, securing thus the coUimation with m 
desired accuracy. The arm A is then set at any desired angle 
with the mirror, and the two clamped together, when it is easy 
to arrange matters so that the reflected light shall be sent from 
the mirror along the axis of the instrument to the fixed screen 
at G. The small shade at S, fig. 2, prevents the direct light 
from reaching the same destination. After a compensation has 
been efiected with reflected light, the arm A is made parallel 
with the axis of the photometer by the aid of its vernier, and 
another compensation is made witn the direct light, the small 
shade being now placed behind the flame so as to be out of the 
way and to prevent light from reaching the mirror. 

Mode of registering the chservathns, — These were always reg- 
istered with a sharp point on a slender fillet of paper, attached 
to the long wooden ix)d R T, fig. 9, used for moving the mirror 
This point was one end of a small lever* placed at N, fig. 1 
In consequence of this, at the end of a set of experiments tw( 
groups oi dots were found on the paper, admitting of the mos 
exact measurement on the following day. Before removini 
the paper from the rod two dots were always made on it in th 
neignborhood of these groups, the corresponding positions c 
the vernier V, fig. 2, being at the same time noted. A glat 
slide, ruled with millimeter lines, was then to be placed overtb 
detached fillet of paper, and the observations recorded in tl 
note-book. In the determinations given below, the observi 
tions on the direct and reflected light were made alternate, 8 
as to avoid errors due to the shifting of the compensation poin 
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)b6ervation8 on the amount of light reflected by a glass plate 
'^ered by Liebig's process, the suuer side being used The 
[it was reflected at an angle of 45^ 



2. 



Dlitanee wlien 
mirror waBoaed. 

946 

049 

950 

961 

952 

955 

956 

957 

958 

961 

961 

962 

965 . 

966 

967 

967 



16)15323 

957-68 
rBcti(ml91' 



Difltance wlfh 
free flame. 

1297 
1301 
1302 
1302 
1304 
1305 
1306 
1308 
1309 
1309 
1310 
1312 
1312 
1315 
1318 

15)19610 

1307-3 
105- 



1148-68 



1202-3 



salt 91*26 per cent reflected. 



DIatenoe when 
mirror waa need. 

936 

940 

941 

942 

943 

944 

946 

946 

947 

948 

949 

950 

952 

953 

954 

955 

956 

958 

959 

960 

961 

962 

965 



23)21867 

960-7 
Coirection 191* 



Diatance wlfh 
free flame. 

1286 

1287 

1288 

1288 

1290 

1292 

1292 

1293 

1295 

1296 

1297 

1298 

1298 

13ol 
1303 
1303 
1304 
1305 
1307 
1307 
1307 
1308 
1312 
1312 
1312 
1315 



26)33796 



1141-7 1299-8 

Correction 105- 



1194*8 



Result 91-3 per cent reflected. 

rhese figures are taken of course directly from the note- 
)k, and in making an examination of them it is to be re- 
mbered that the corrections, 191 and 105, (for false positions 
;he vernier), are to be applied to each of the distances in the 
pective columns, before a correct judgment of the closeness 
individual observations can be made. 
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When the same mirror was used at 5^, L e., the light being 
reflected from it nearly perpendicularly, the results given below 
were obtained. 



1, 



2. 



Dtotenoe wlm 
■itrror was iiMd. 


DtotMioewlth 
free flame. 


Difltanee vben 
mirror was veed. 


freeflime. 


955 


1297 


954 


1298 


958 


1304 


955 


1801 


958 


1304 


956 


1302 


958 


1305 


957 


1303 


960 


1305 


957 


1308 


962 


1307 


958 


1804 


962 


1308 


958 


1305 


963 


1310 


961 


1806 


963 


1310 


961 


1807 


965 


1313 


962 


1808 


965 


1313 


962 


1308 


969 


1313 


963 


1309 


970 


1314 


963 


1310 


971 


1314 


964 


1812 


972 


1315 


965 


1312 


973 


1318 


967 


1313 


977 


1318 


968 


1315 


977 


1328 


969 


1816 


980 
983 
983 




972 




18)23596 

1310-8 
105 


18)23532 

1307-4 
105 


19)18272 


21)20324 


961-6 






191- 




967-8 
191 


1205-8 


1202-4 


1152-6 



1158-8 



Result, 91*88 per cent reflected. 



Result, 92-35 per cent reflected. 

In the second part of this paper I shall detail the results of 
several sets of experiments maae with a truly constant illumin- 
ation, in other respects the mode of experimenting being quite 
similar to that used in obtaining the above results, when it will 
be seen that about two-thirds of the scattering in the figures was 
due to the shifting of the compensation point during the experi- 
ments, and not to any defect m the screen. 

In the same way experiments were made on another minor 
silvered by Liebig's process, the glass side being used, with the 
result that out of a hundred rays 78*01 were reflected, the angle 
being 46^; while an amalgam mirror tested at the same angle 
reflected only 41*58 per cent 
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AnT. XVllL — Oontributiohs to the Chemistry of Copper; by 
T. Sterry Hunt, LL.D., RRS. Fart 1. 

Bead before the American Assooiation for the Adyancemeot of Science at Salem, 

August 26, 1869] 

§ 1. The resemblances between silver and copper in its cu- 
Drous form have already attracted the attention of chemists, 
the ordinary chlorid of silver (argentic chlorid) and the dichlo- 
rid of copper (cuprous chlorid) have many properties in com- 
non. Both of these chlorids are white, readily fusible, and 
slackened by exposure to light ; both of them are insoluble in 
^ater but dissolve in ammonia and in aqueous solutions of 
)ther chlorids, in which however the cuprous is fer more solu- 
3le than the argentic chlorid. A saturated solution of chlorid 
>f sodium holds at 90° Centigrade, IB'O per cent of cuprous 
chlorid, at 40® C, 11'7, and at 11®, 8*9 per cent A solution 
X)ntaining fifteen per cent of chlorid of sodium retains at 90® 
1, 10"3 per cent of cuprous chlorid, at 40®, 6*0 per cent, and 
it 14®, 8*6 per cent; wnile a solution with only five per cent 
)f chlorid of sodium holds of the cuprous chlorid at 90®, 2*6, 
md at 40® only I'l per cent These determinations are from 
angle observations and therefore require verification. From 
he sparing solubility of the cuprous chlorid in dilute solutions 
)f cmorid of sodium it follows that the denser saturated solu- 
ions are copiously precipitated by dilution with water, which 
^uses the separation of white cuprous chlorid in a crystalline 
jondition. 

§ 2. The aqueous solutions of the chlorids of calcium, mag- 
lesium, zinc, manganese, cobalt, ferrosura and cupricum, also 
reely dissolve cuprous chlorid, and it is probable that this 
jroperty is shared by other soluble chlorids. The strong af- 
inity of cuprosum for chlorine enables cuprous oxyd to decom- 
)ose all the chlorids just named, with the exception of those of 
odium and calcium, with separation of the corresponding oxyds 
ind formation of cuprous chlorid. In the case of zmc and 
nanganese, insoluble oxychlorids of these metals are formed 
it the same time. These reactions require further study, and 
he same may be said of the cupric and cobaltic chlorids with 
luprous oxyd. I have, however, partially investigated the be- 
lavior of cuprous oxyd with magnesic and ferrous chlorids, 
tnd obtained the results about to be described. 

§ 8. The cuprous oxyd for these experiments was prepared 
)y gently heating a solution of sulphate of copper mixed with 
lane sugar and an excess of caustic soda, until the whole of the 
opper was thrown down as a bright dense cinnabar-red powder 
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which was carefully washed and dried. A concentrated solu- 
tion of chlorid of magnesium dissolves this oxyd in the cold, 
and more readily when heated, with separation of hydrated 
oxyd of magnesium and cuprous chlorid, which latter is held 
in solution by the excess of magnesic chlorid. By filtering 
the liquid while hot, and washing with a strong solution of 
chlorid of sodium, the hydrate of magnesia may be separated, 
and the dissolved copper subsequently precipitated by metallic 
iron from the colorless filtrate, ferrous chlorid being formed. 
Experiment shows that the reaction between the red oxyd of 
copper and chlorid of magnesium may be represented as follows : 
Cu , O + MgCl = CuaClH- MgO. 

§ 4. A solution of magnesian chlorid nearly saturated when 
hot with cuprous oxyd, and allowed to cool in contact with the 
precipitated magnesian hydrate, deposits a portion of orange 
colored oxyd, or perhaps an oxychlorid, which disappears as 
often as the solution is heated. The solid cuprous cnlorid is 
moreover decomposed when digested with water and magnesia, 
hydrated cuprous oxyd and magnesic chlorid being formed. 
T?he double chlorid of cuprosum and magnesium is however 
stable, even in the cold, in presence of magnesian hydrate, pro- 
vided a considerable excess of magnesian chlorid oe present 
From a filtered solution of cuprous oxyd in chlorid of magne- 
sium water precipitates a large portion of the cuprous chlorid, 
in this case colored orange-yellow from adhering oxyd, due to 
the reaction of a little magnesia, which remains dissolved or 
suspended in the concentrated solution even after filtration. A 
solution of magnesian chlorid of specific gravity 1'23, retains 
in solution at 12° Centigrade, about 710 per cent of cuprous 
chlorid. A solution of magnesian sulphate with chlorid of 
sodium may be employed to dissolve cuprous oxyd. This, like 
all similar solutions of cuprous chlorid, rapidly absorbs oxygen 
fix)m the air and deposits a pale green cupric oxychlorid. 

§ 5. With ferrous chlorid and cuprous oxyd it might be ex- 
pected, from analogy with the magnesian salt, that we should 
obtain cuprous chlorid and ferrous oxyd, but the reaction is 
complicated by the tendency of the latter to pass to the state 
of ferric oxyd. When ferrous chlorid in solution with chlorid 
of sodium is heated with a sufficient quantity of cuprous oxyd, 
the whole of the iron is precipitated as ferric oxyd, mingled 
with metallic copper, while cuprous chlorid remains in solution. 
Experiments made with an excess of ferrous chlorid show that 
one third of the copper is reduced, while two thirds are dis- 
solved as dichlorid. This reduction may be efiected directly by 
ferrous oxyd ; if to a solution of cuprous chlorid in chlorid of 
sodium, we add hydrated ferrous oxyd recently precipitated by 
an alkaline base and still suspended in the liquid, it is at once 
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converted into ferric oxyd, with precipitation of metallic cop- 
per. The first stage in the action of ferrous chlorid on cuprous 
oxyd naay be represented as similar to that of magnesic chlorid : 
Cu,0 + FeCl= Cu,Cl H- FeO. In the second stage CuaCl-f 
3FeO=Cu, H-FeClH-Fe.O,. It follows fix)m this that one-third 
of the cuprous chlorid formed in the first stage is reduced to 
the metallic state, and the final result may be represented as 
foUows : 8Cu,0+2FeCl=2Cu,Cl+2CuH-Fe,0,. 

A similar result is obtained if ferrous chlorid is added to an 
unfiltered solution of cuprous oxyd in chlorid of magnesium. 
The suspended hydrate of magnesia in this case liberates an 
equivalent of ferrous oxyd, which reduces to the metallic state 
one-third of the dissolved cuprous chlorid, in accordance with 
the second reaction given above. 

§ 6. The reducing pjower of ferrous oxyd is also shown with 
cupric chlorid, which is at once converted by it into cuprous 
chlorid in accordance with the equation, 2CuClH-8FeO = 
Cu,Cl + FeCl+Fe,03. The further action of ferrous oxyd 
will, as we have seen, reduce the cuprous chlorid to the metallic 
state: in feet, 2CuaH-6FeO=2CuH-2FeClH-2Fej,03. K re- 
centlv precipitated hydrated ferrous oxyd or ferrous carbonate 
be added to a solution of cupric chlorid in the proportions indi- 
cated by the last equation, tne whole of the copper is separated 
in the metaUic stete, mii^gled with ferric ox/iTwhile ferrous 
chlorid is fbund in solution. The reaction with ferrous carbo- 
nate, which requires a gentle heat, is accompanied by a violent 
disengagement of carbonic acid gas. This experiment is best 
made by dissolving in water ferrous sulphate and sodic carbo- 
nate or sodic hydrate in the proportions required, and adding 
thereto a solution holding the proper amount of cupric chlorid. 
Under certain conditions the cuprous precipitate is brownish- 
black in color, like that obtained by heating ferrous chlorid 
with cuprous oxyd, but more generally it is of a bright red 
color, and often coats the glass with a mirror-like film. A 
warm solution of cupric chlorid with chlorid of sodium at once 
converts the metallic copper of the precipitate into cuprous 
chlorid, which is dissolved, leaving behind only hydrated ferric 
oxyd. When a solution of ferrous chlorid 'with chlorid of 
ammonium and excess of ammonia is added to a solution 
of a copper salt the precipitated films of metallic copper some- 
times possess considerable brilliancy and show a bluisn translu- 
cency. It is to be remarked that although the cupreous precipi- 
tate thus obtained is bright red in color, that which is produced 
by boiling cuprous oxyd with ferrous chlorid is nearly black. 

§ 7. It was long since shown by Levol that hydrated ferrous 
oxyd will reduce cupric to cuprous oxyd, and this, as we have 
already seen, can separate firom its combinations ferrous oxyd, 
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whose reducing power may be still fiirther exerted upon the 
cuprous combination thus formed. These facts serve to explain 
the results obtained by E. Braun (Zeitschr, Chenky 1867, p. 568, 
cited in Jahresbericht for 1867), which were not known to me 
at the time of making these experiments. He found that by 
digesting cupric hydrate or cupric carbonate with ferrous sul- 
phate in solution tnere was obtamed a reddish mixture of basic 
ferric sulphate with cuprous oxyd, formed apparently in accord- 
ance with the equation, 

2FeO, SO,-l-2CuO=Cu,OH-Fe,03, 2S0,. 

This, when boiled with a further portion of ferrous sulphate, 
became black in color, and from the small amount of oxygen 

E resent was supposed to contain metallic copper. By addmg a 
iTse excess of carbonate of ammonia to a mixture of ferrous 
and cupric sulphates, Braun succeeded in obtaining solutions in 
which all the copper was present in a cuprous form, and even 
in reducing portions of it to the metallic state, a process which 
we have seen is complete when the requisite amount of ferrous 
oxyd is brought in contact with the chlorids of copper. 

18. In this Journal for March, 1867, page 808, i described 
briefly the reaction between cupric oxyd and ferrous chlorid, ac- 
cording to the equation, 3CuO-f 2FC1 = Fe,0,+Cu,Cl-f CuCL 
I was not then aware that the same had been shown by Meyer 
(Berg, und Hutt Zeit, 1862, 182, cited by Kerl),* Further 
studies of this reaction have given me interesting result& The 
black oxyd of copper, even after ignition, is attacked by ferrous 
chlorid in the cold, but the insolubility of the resulting cuprous 
chlorid retards the action. If however the ferrous chlond be 
mingled with a strong solution of chlorid of sodium, and heat 
applied, the cuprous chlorid is readily dissolved, and the reac- 
tion is rapid and complete, the whole of the iron separating as a 
bulky reddish-brown precipitate, provided three equivalents of 
cupnc oxyd have been taken for two of ferrous chlorid. The 
greenish solution thus obtained readily dissolves precipitated me- 
tallic copper, in virtue of the cupric chlorid which it contains, 
and, unless a large excess of chlorid of sodium be present, de- 
posits white crystalline cuprous chlorid by cooling or oy dilution. 
When digested at a temperature of 50^ Centigrade with carbon- 
ate of lime, the greenish solution deposits one-third of its cop- 
per as a pale green insoluble cupric hydro-carbonate, while the 
colorless filtrate retains the remaining two-thirds in the form of 
cuprous chlorid. If a solution of ferrous chlorid with chlorid 
of sodium is digested with a sufficient excess of cupric oxyd the 
cupric chlorid wrmed unites with the latter to form an insoluble 
cupric oxychlorid, and only cuprous chlorid remains in solu- 
tion. 

* Metaa Huttenkunde, zi, 588, 

y 
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§ 9. For the ferrous chlorid in the experiments in § 5 and § 8, 
a solution of ferrous sulphate with chlorid of sodium may be 
substituted. When cupric oxyd is heated with an excess of 
ferrous chlorid, a small portion of ferric oxychlorid is produced. 
The red-brown precipitate may be washed free from cupric, cu- 

5 pons and ferrous chlorids by a strong solution of chlond of so- 
lum, but will then yield to pure water a portion of soluble ferric 
oxychlorid. By carefril desiccation in a water-bath and subse- 
quent washing with dilute alcohol the ferric precipitate may be 
obtained free from chlorid of sodium, and completely insoluble 
in watejr ; but its composition appears to be variable. Of two 
preparations the first containea one equivalent of chlorine for 
eleven, and the second, one for twenty equivalents of iron. In 
another eiroeriment where fine oxyd of copper from the calcina- 
tion of malachite was dissolved in an excess of a mixture of fer- 
rous sulphate and chlorid of sodium at a boiling heat, it was found 
that for thirty equivalents of copper dissolved there were pre- 
cipitated twenty-one equivalents of iron, instead of twenty as 
recjuired by the formula given in § 8 ; the additional equivalent 
bemg separated as ferric chlorid in union with the ferric oxyd. 
The proauction of a small and variable amount of ferric chlorid 
in the above conditions is apparently due to a secondary reaction 
between cuwic and ferrous chlonds in the presence of ferric 
oxyd; 2ChiCl-f2FeCl = Cu,Cl-fFe,Cl,. This point however 
reauira further investigation. 

1 10. The fiuality with which cupric chlorid parts with one- 
half of its chlorine and passes into the more stable cuprous 
compound is shown by its well known power to chloridize not 
only metallic copper, but metallic silver and even sulphid of 
silver. Its action on cuprous sulphid is not less remarkable. 
A strong solution of cupnc chlorid minrfed with chlorid of so- 
dium rapidly attacks pulverized copper-^ance, even in the cold, 
sulphur being separated and cuprous chlorid formed ; 2CuCl-f 
Cu-S = 2Cu,Cl4-S. Chalcopyrite, on the contrary, is but 
slightly acted upon by such a solution, which, however, slowly 
takes up a portion of iron, forming ferrous chlorid with a corres- 
ponding amount of cuprous chlond. 
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Art. XIX.- -Notice of a recent Land-slide on Mount Passacona- 
way ; by Geo. H. jerkins, PLD., Prof Zoology and Geol- 
ogy, University of Vermont 

The name Passaconaway is given to a somewhat extended 
mountain in Grafton county, New Hampshire, twenty miles 
northeast of Plymouth, and about the same distance southwest 
of Mount Washington. It consists mainly of three conical peaks 
of nearly equal height, which form a group at the southern 
end, and of a high ridge running several miles northeast A. 
much smaller ridge stretches in a southeriy direction. During 
the great rain of October 4th, there was an unusually large 
land-slide upon the southwestern slope of the most southern 
of the three nighest summits. The light-colored streak down 
the mountain side, which marked the course of the slide, could 
be distinctly seen for more than fifty milea It was at this 
distance that I first saw it, two weeks after its occurrence, and 
with my friend Eev. M. T. Eunnels of Sanbomton, set out to 
examine it At Campton we were joined by Mr. Chas. Cutter, 
to whose knowledge of the region and general kindness, much of 
our success was due. From Campton a ride of ten miles in a 
northeasterly direction up Mad River valley brought us to 
Waterville ; thence we proceeded on foot After wsuking two 
or three miles we reached a level clearing of fifty acres through 
which Mad river runs, here only a few yards across. Tms 
space was covered with great heaps of logs, some of them very 
large, brought down from the debris of the slide during the 
freshet that attended or followed it That they came fix)m the 
slide was very evident, for nearly all were broken as if sud- 
denly snappea in two, many had one or both ends crushed to 
splinters so fine that they seemed like great brushes, and all 
were entirely stripped of foliage and of most of the smaller 
branches. 

These logs were mainly spruce, and some were fifty to sixty 
feet long, and one to two feet in diameter. They were piled 
up in great confusion to the height of fifteen or twenty feet 
Subsequent investigation showed that this was at least three 
miles below the terminus of the slida Nowhere else was there 
such a mass of timber as here, nor any where else was the 
ffround so favorable for such an accumulation ; for elsewhere 
the banks of the stream were high and rocky, and not more 
than eight to twelve rods apart 

The whole mountain is covered to the very top with a forest 
of spruce, and to reach the slide most easily we followed the 
bed of the stream along its side. At short intervals were 
piles of logs more or less broken, by which the stream 
nad evidently been in several places completely dammed. 
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Trees on the banks twenty feet or more above the water were 
scarred, rubbed, and even uprooted, by those borne on the 
current of the swollen stream. A toilsome walk brought us to 
the foot of the slide which lay directly in the bed of the 
stream. This side of the mountain is quite steep, and in out- 
line r^ularly triangular. Its height is about four thousand two 
hundred feet 

The slide commences forty rods from its summit, and a little 
to one side of the highest point At the outset it is very nar- 
row, being not more than a rod wide ; a narrow tongue runs 
above this, however, for a short distance. For fifty or sixty 
rods the increase in width is very gradual The inclination is 
very steep, appearing almost perpendicular and probably not 
less than fifty to sixty degrees. For the next hundred rods 
the width increases more rapidly. A hundred and thirty rods 
from the top the widest part is reached. Here the sides bend 
gradually otltward and the width is twenty -five to thirty roda 
From this point the sides beffin slowly to approach each other, 
and thirty-six rods below, a hundred and fifty-six from the top, 
the width is nearly seventeen roda The course from the top 
to this point is in a direct line, but here a curve toward the 
northwest begins and ends eighty rods below, nearly at a right 
angle with the main axis. The whole length is nearly two 
hundred and forty rods, and the outline is fusiform, with the 
lower end curved to one side. Directly across the line of the 
main axis a few rods from the foot of tne mountain runs a high 
ridge. Instead of striking this, as would have been expected, 
the slide begins to turn nearly a hundred rods above, and 
when within twenty rods is almost parallel with it There 
seems to be no reason why sand, rocks and d^ris of all sorts 
should not have been thrown against this ridge ; indeed there 
is every reason why they shomd have been. Yet the space 
between it and the dide is singularly free from such material 
There is undoubted evidence that one or more watercourses 
ran down the mountain before the slide, and probably did 
much to cause it These streams, which form part of the 
source of Mad river, must have been very inconsiderable, 
and vet the mass of rocfk and sand seems to have been guided 
by tnem in its downward course. It appears incredible that 
so great a mass moving with power and velocity enough to 
snap off hundreds of great trees, crushing many of them to 
splinters, and piling up such heaps of d6bns, could be directed 
by such small watercourses, but the facts indicate it 

There has for a long time, been the track of a former slide 
down a part of the surface covered by the more recent one, but 
it was very small. Contrary to our expectations the side of 
the mountain over which the slide passed, was not bare rock 
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stripped of surface material Only in two places, both small 
in extent, was the rock foundation of the mountain exposed. 
One of these was at the top where the slide seemed to haTe 
started fix>m a ledge, the other was a little less than half-way 
down, and reached entirely across the track of the slide. 
With these exceptions the whole surface was covered with a 
loose, coarse sand or gravel, consisting entirely of comminuted 
rock, increasi^ in depth from top to bottom and very loosely 
compacted. The thickness of tnis loose material was shown 
along the sides of several small streams that were running 
down the slide, which, at the time of our visit, the 20th of 
October, had cut entirely through it, and ran over the soUd 
rock beneatL Near the top the ground was moist but there 
were no streams ; these b^gan twenty or thirty rods farther 
down. At the top of the slide, the surface sand was only a 
few inches deep ; oelow the second exposure of rock it was 
between one and two feet; at the widest part, a hundred 
and thirty rods from the top, it was fr-om six to ei^ht feet ; a 
hundred and fifty rods, it was nine to ten feet, and at uie bottom 
fifteen to twenty-five, and in some places, even thirty feet deep. 
At this point the slide seemed to nave suddenly stopped, far 
there was no gradual diminution in thickness below it 

How much of this coarse gravelly sand originated with the 
slide, being ground by it from larger rocks ; and how much 
existed before as surface soil disintegrated from the solid rock, 
I could not estimate. The sand was pure syenite and contained 
no trace that I could find, of any vegetable mold. From an 
examination of the banks of Mad river below, and of the soil 
by the side of the slide, I am convinced that the greater part 
was produced by the disintegration and falling to pieces of the 
mountain's rocK, and so existed before the sliae, and was 
carried along and heaped up by it The mountain is, so far as 
I could learn, wholly composed of light gray, rather coarse 
syenite, which appeared to disintegrate very readily, as I saw 
large masses that could easily be pulverized. A mile below 
tiie slide there were extensive layers of black homblendic rock, 
and in one place the syenite was crossed by trap dikes, fix)m 
an inch to a foot in thicknesa Some of these dikes forked 
several times, others crossed each other in the form of a letter 
X, and some varied greatly in thickness along their course. A 
few broken crystals of rose-purple quartz, an inch or more in 
diameter, were found among the d^ris. But the only rock in 
place along the course of the slide was the syenite. 

Scattered all over the surface of this loose, sandy material, 
were masses of syenite, of various sizes though none were 
very large. These were angular, and appearea to have been 
recently broken. They were undoubtedfy fragments of laige 
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masses broken by the slida Besides these, there were a few 
well worn boulders of syenite, quartz, and hornblende rock, 
some of which were near the top. 

All the trees that had stood on the ground now occupied by 
the d^ris of the slide, were carried away or buried up, only a 
yeiT few bare logs remaining in sight 

Along the sides of the slide the forest was fiill of uprooted, 
bruised, and broken trees. 

The upper part of the slide was much more rugged and 
covered with a greater mass of broken rocks than ^ lower. 
Over the widest uortion there were few rocks on the surface, 
which was smooth and level as if rolled. Below this it was 
rougher but not as much so as abova 

^e appearance of the sur&ce was the same in all parts. 
Its color was a light yellowish brown, and at a little distance it 
closely resembled a neld lately ploughed and harrowed. 

It is the contrast of light color with the dark green of the 
spruce forest around it uiat causes the slide to be so distinctly 
visible at long distances. As is stated above, the upper portion 
of the slide is very steep, but after the first fifty rods the angle 
of inclination is less, and just above the widest part it is not 
more than twenty-five degreea Below it is not more than 
fifteen degreea 



Abt. XX. — On the Silver Mines of Santa IkUaliaj State of Chi- 
huahuoj Mexico ; by Jakes P. Kimball, PLD. 

The silver mines of Santa Eulalia were among the earliest 
mineral discoveries of the Spaniards in Northern Mexico. 
Don Jesus Inocente Irigoyen of Cusihuiriachic, a good anti- 
quarian authority, states tnat the year of discovery was 1691. 
The only avidlable official register of their performance, how- 
ever, goes back no farther than 1705, but mentions their dis- 
covery in 1708 — twelve years after the city of Chihuahua was 
founaed, according to the date given by Dr. Wislizenus. From 
1705 to 1787, they produced 6,588,500 marcs, or an average 
of 1,088,908 dollars of silver per annum. Up to 1791, during 
a period of eightv-six years, tneir acknowledged production of 
aih^er, of whicm tne qutnto, or king's fifth, was paid to the royal 
exchequer, was 11,908,126 marcs, or nearly one hundred and 
twelve millions of dollars^ and their entire production from one- 
fifth to one-third more. At this period the district had a popu- 
lation of 6000, and supported sixty-three reduction estaolish- 
ments with one hundr^ and eighty-eight smelting furnaces of 
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the type known as the Mexican homoj and sixty-five cupelliog 
furnaces ; while a number of similar establishments in the city 
of Chihuahua were also kept running on ores from this district 
The depredations of the savages, which until oom^arativelj 
quite recently have always seriouedy interfered with industrial 
pursuits in Northern Mexico, became so grievous during the 
last five years of the past century that tne district was md- 
ually abandoned.* Indian hostUities were soon foUowea by 
political troubles, including the war with ^pain and the pro- 
scription of the Spaniarda During the present century, opera- 
tions at the hands of the Mexicans have never been fully 
resumed. Yet shallow workings have continued to furnish 
ores to a small number of fiirnaces, which to a considerable 
extent have also made use of the d^ris of former operations. 
At present ten blast furnaces, each of a capacity or 2600 to 
3000 lb& of ore per day, are in operation, their small supply 
of ore being drawn fix>m the older as well as the newer mmea 
The fresh ore fix>m the mines as charged to the furnace, is 
eked out with the settlings of the old dag heaps, and coarse 
refuse fix>m old workings, extracted fix>m the ory bed of the 
creek which in time of rain courses through the mining viUage 
of Santa Exdalia. As in old times, for the sake of mutual pro- 
tection, the reduction works of the district are still all collected 
here, alon^ with the dwellings of the miners and smelters, who 
number with their fiEunilies some 700. Recollections with the 
old, and traditions with the younff, still fill the minds of the 
dwellers in this narrow valley wim dread of the Apache, who 
even now is occasionallv found Iturking among these mountains, 
and of whose hiding all have been taught to be wary when 
moving about alona 

The village of Santa Eidalia is fifteen miles east of the city 
of Chihuahua, across the expansive champaign valley of 
Tabalopa. This city, the capital and social center of the state 
of the same name, and containing some 20,000 inhabitants, 
attained its importance mainly through the silver industry of 
Santa Eulalia, m the period of whose prosperitv it had a popa- 
lation of 70,()00. Cmhuahua afforded — ^wnat have ever beea 
lacking at Sta. Eulalia — ^water and gpace for the dressing and 
reduction of ores ; and to the city therefore was brought and 
smelted a large portion of them. Immense heaps of sb^ 
twenty in number, on the outskirts, attest the extent of mxk 
done there during the last century, while the imposing, and in 
some respects admirable, cathedral of the city is a monument 
to the mmes of Santa Eulalia, it having been built out of a 
fund raised by the tax of one real per marc of silver coined, 

* Mannaoripts and oertifloatea in Na 66, folio t6, atala anbifM. See dio 
Waid*a Keadoob let edit, toL ii, p. 129, (2d adit, i, p. 464). 



and which, continued for sixty-two years, ending in 1789, 
amounted to 800,000 dollars.^ 

The Sta. Eulalia mountains are a portion of a long range 
trending N.E. — S.W., one of a system of parallel ranges, 
which, separated by champaign valleys or valley-plains, charac- 
terize the topography of the sloping margin of the Grand 
Sierras, and as mucn at least of the state of Chihuahua as lies 
north of the 28th parallel, and east of Concepcion — ^beyond 
which limits my experience does not extend. The range lies 
between the broad and fertile valley of the Conchos on the east, 
and the narrower valley-plain of Tabalopa on the west Access 
to the village and mines of Sta. Eulalia is from the latter. The 
village lies two-and-a-half miles from the plain up the moun- 
tain stream of the same name, at the foot of the iiigher hills, 
in which, at distances of two to five miles, the mines are 
situated, and which are crossed only by bridle-path&f The 
mining ground is embraced "within the area of an uplift of 
the Cretaceous fossilifsrous limestone, imparting toward the 
center of it gentle <]^uaquaversal dips. This is a prolongation 
of the narrow contmuous elevation of this formation, reaching 
to the Bio Qiande in an axis parallel to the Conchos river, ana 
a part of the same formation which in Texas comes to the sur- 
fi^e in the Rio Grande basin, at least, between the 28th and 
Slet parallels, except in mountainous localities, or in the case 
of gtratigraphical depressicms, where an upper and metamor- 
phosed member of tne same formation (aporphyritic quartzite) 
mown in Mexico as caniera, caps the summits.:^ In Mexico, 
nnder similar conditions of superposition of the latter, the 

* Stata araiiiTML Waid flrraneonBly statei tlus tax to have been coUaoted dur- 
ing xune yean pending the last bonanaa^ ii, p. 681. (2nd edit, p. 306). 

AocajBtomed, as of late, we haTe become to tlie far higher returns of not larger 
fioiipa of sihrar mines, it is etmy to pass over Hie ftdl Hignifloanoe of the compar*- 
tlfe^ low flgnresofeailj operations in ncsthern Mexico, unless we are mindfUl that 
it is to the ayailableness of mechafiical appfiances, that our great production of 
tfver is more to be aaonbed than to tiie number or superiority of recent discoveriea 
What aepoimt of tiie Oomstodk lode by this time should we have were its mines^ 
as in 1^ case of those of northern Meidoo during Hie period of their aotivitr, 
without other than the rudest iron or steel implements^ without powder, except m 
rare oases dt a fbrelgn stinted supply, with only the adobe homo for smelting, and 
dks little eaao for amalgamation ; and continually harrassed by Indians? Althou^ 
^Tffrff^ are no knger quite out of readi, the mines to-day are worse off than dur- 
ing tbe last oentury, for most of them have reached a point where have become 
neoesaaiy mechanical appliances, with which the Mexicans are entirely unao- 
<;aainted. lliejoontimie to suffer the want of what odo^ raw-hide, and wood wlD 
not sopplyf following tiio maot&oe of the Spaniards, which in their hands has rather 
vstngiadad than advanoecL The silver industry of Chihuahua at present amounts 
to Httle more than dsaning up the rubbish of former woridnga 

f Fdr a pqpolar and grapme account of this picturesque mining district, see an 
aitfeto by Qan Lew. Wallaoe in Harper's Monthly, Nov., 1867. 

t See notes on the Qedogy of Western Texas and Chihuahua, by the writer, 
this Jour., xlviB, p. 378. 
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Cretaceous fossiliferotis limestone, with local lithological differ- 
ences, is the prevailing formation of the Bio Grande and Con- 
chos basins, where, as seems like¥ri8e to be the case in Texas, 
within the development of the cantera it sustains thron^out 
a metalliferons character. The mineral deposits of Sierra Kica, 
Cuchillo Parado, the Chupaderos, and the Chorreras in Chi- 
huahua are all contained in it In the Santa Eulalia moun- 
tains is its most westerly development in any great prominence 
above the valley plains, though seventy-five miles still further 
west, a limestone is said to form the low base of the Sierra de 
Magistral, where it is likewise metalliferous, and where, going 
west, it is last seen. In the Santa Eulalia mountains, the same 
as in other localities named, the carUera caps the higher eleva- 
tions. This name is applied in Northern Mexico to the bleached 
portion of an essentiallv alumino-siliceous rock, generally more 
or less metamorphosed and ferruginous, and occurring in a 
great variety of colors.* As elsewnere explained, it is to the 
disintegration of this rock that the accumiuation of soil in the 
valleys is due, as well as their peculiar conformation.f 

Auowinff for erosion, the mines of Santa Eulalia may strictly 
be said to be grouped in a single great boss of the Qretaceoiu 
limestone strata, gullied or scored by water-courses which im- 
part to all portions of it a rugged and precipitous confiffuraticML 
There, as elsewhere throughout the development of the fossil 
iferous limestene, the water-courses have cut bold, almost per- 
pendicular, escarpments in which the stratification is veir 
plainly marked. In this district the dips are from 6^ to 16 , 
and finom a point near the Yieja mine are quaquaversaL The 
ravine, Arroyo de Dolores, wmch takes its name fix>m the old 
mine of Dolores, at its head, has been cut through the crest of 
the limestone uplift, and thus exhibits in steep mural escarp- 
ments a partial thickness of the formation of 400 to 600 feet 
Its true thickness, however, has never been revealed. The 
oldest and most extensive mines are in this ravine, including 
the deep ones of Dolores, Yieja, Aguada, and the shallow or 
cavernous workings of Parcionera, San Jos^ and San Matifl& 
The distance of Arroyo de Dolores from the village is some 
three miles, horizontal, from four to five topographicfu. 

As the limestone uplift or boss expires, the summit cantera^ 
a few remnants of which cap the limestone hills, sets in, and 
within a couple of miles, oecomes the main formation, and 
forms the body of the ranga No limestone appears in the 
Puerto de Dolores, seven miles to the north, where the San 
Diego and Chihuahua road crosses the Sta. Eulalia range ; and 
in the vill^e of Sta. Eulalia, it has alre^y declined below the 
sur&ca Tne overlying cantera presents a greater development 

* Thia Joomal, zoyiii, p. 880. f n>icl, p. 88L 
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in the surrounding hiUs, which rise to the height of some 800 
feet above the plauL 

A curious hthological phenomenon, though in a less con- 
spicuous way not uncommon in other localities which I visited 
in Chihuahua, is a formation of conglomerate which is found 
on all the slopes of the district, and which incases the lower 
and middle portions of the hills like a shelL* This has evi- 
dently been formed by carbonated calcareo-magnesian infiltra- 
tions, springing from the summit cantera ; and, penetrating the 
fine ana coarse detritus of the surface alike, have cemented it, 
and thus produced all the gradations' from a fine friable sand- 
stone to a coarse breccia, ^e village rests upon it In the 
main street it is distinctly bedded, and cleaved by joints. No- 
wbere is it found entering into the interior structiGre of the hills, 
and no traces of it are foimd in steep places. Yet cursory 
observation might dispose the traveler to assume the main body 
of the mountains to be made up of this formation. 

The mineral deposits of Santa EulaUa are unique. The 
only instance of a vein formation brought to my notice in the 
r^on is in the Santo Domingo mina All the rest of the 
deposits are more or less irregular, and in a variety of modes of 
occurrence, are contained in me nearly horizontal fossiliferous 
strata (Cretaceous). All the strata above water level are 
exceedingly cavernous. In nearly all of the workings, caves, 
entirely snut off from the surface have been encountered. Some 
of these are of enormous siza The great cave of the Parcionera 
and San Jos^ mines, is said to be large enough to hold the 
cathedral of Chihtiahua. Though unable to explore its height, 
or to illumine its roof, I am disposed to believe this. Drusy 
cavities or vugs of all sizes, are the smaller exhibitions of 
the same prevailing cavernous character. These latter yield 
excellent pockets oi ore. Kich honamas have been got from 
chambers m the walls of the large caves. The ores which are 
mainly the chlorid and sulphids of silver, argentiferous galena 
and salts of lead, together with, (though of rarer occurrence,) 
the chloro-bromid (embolite) and iodid (iodyrite) of silver, are 
very ferruginous, to which circumstance they owe their friable 
character, and also, to a considerable degree, the spaces in 
which they have been deposited. Courses of ore are always 
marked by ferruginous stains, which, properly considered, are 
segregations of mineral matter, sometimes following cleavages 
and joints, and sometimes planes of bedding, and, again, some- 
times reticulating solid beos, and in all these modes of occur- 
rence, without order or defined limits. A bed, or a num- 
ber of beds, of the limestone, in places may be thoroughly 
webbed with such segregations of so decided a character as to 

♦ This Jour., xlviii, p. 382. 
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impart a concretionary appearance, or, as if limestone breoda 
were cemented by ferruginous ore. In such places the beds, are 
not brecciated, but thus strikingly indicate me energy of disin- 
tegrating and segregating action under the decompoaition or 
oxydation of iron ^ts probably proto-carbonate) origmaDy 
contained in the limestone, togetiier with diffused salts of silver. 
These ferruginous portions always afford good mining ground. 
As some of them are very extensive, and as their distnbutian 
is irr^ular, their excavation results in large and rambling 
chambers, generally ranging through a number of the heavy beds 
of limestona Such chambers are often continuous with nat- 
ural caverns, together forming imderground spaces scarcelv less 
imposing than the most noted caves that excite the wonder of 
tourists. 

The mines of Santa Eulalia are scattered all over the great 
limestone uplift, and along the deep ravines which have scored 
it All are comprised wiuiin an area of some five square mile& 
In the hillsides tney consist mostly of horizontal workinffs, and 
occupy different strata from top to bottom. Shafts and deep 
workings, which are few and ancient, are located both in the 
hills and ravines. Accessibility of the mines is determined \)j 
the topographical configuration of the mining ground, the pn- 
mary form of which, before modified by erosion, it is important 
to keep in view. As they are reached from the village by 
three aifferent trails, I will describe them in as many separate 
groups, as follows : the Santo Domingo group^ comprising the 
workings in the same cation as the Santo Domingo mine, and 
of which this mine is the principal ; the Dolores group^ or those 
in the cafion, at the head of which is the old Dolores shaft ; and 
the Chwdalupe group^ comprising the workings on the sunmiit 
and S. W. flank of the limestone ridge, which forms the divide 
between the Dolores Cafton on the northwest, and on the south- 
east — the waters of the arroyo in which is the village of Santa 
Eulalia. 

Santo Domingo Group. — The Santo Domingo and neighbor- 
ing mines are two miles north of the village, up near the head 
of a deep ravine, in both sides of which, at different elevations, 
they have their entrances. As this locality is about one-and-a- 
half miles to the southeast of the axis of the boss, the dip of 
the formation is seen rapidly declining in the ravine towara its 
mouth, and the overlving cantera is mus brought down so as 
to form the body oi the hills. The limestone altogether dis- 
appears from above the bed of the ravine within a few hundred 
yards south of the Santo Domingo mine, where the cantera seta 
m and forms the surface. The town is really on the horizon 
of this formation, though the surface is immediately overspread 
by the cemented rubble above described. The hills on either 
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side of the defile in which the village is situated, rising as they 
do some 700 feet above it, are both topographically and strati- 
graphically the highest elevations in the oistrict They are 
made up wholly of cantera distinctly and nearly horizontally 
Btratified, and m different zones weathering with a variety of 
oolors. They have mesa tops, and present to the broad valley- 
plain of Tablalopa bold escarpments flanked by low foot-hill& 

The SarUo JDomingOj old and present, are deep workings 
entering the limestone boss on the west side of the ravine. 
The old mine, now abandoned and dismantled, consisted of a 
shaft located so high on the hillside that it must have pierced 
one hundred feet of cantera before striking the limestone. 
The present mine is some 600 yards further up the ravine, and, 
at an elevation above its bottom of some 120 feet, goes down in 
a bed of fossiliferous limestone some 80 feet from the top of 
the formation, the division bein^ plainly indicated by a ledge 
of cantera above the entrance of the mme. Its depth is about 
iOO feet This is reached by an irregular descent, the only 
thorough&re, in which passage is kboriously effected partlybjr 
means of ladders, and partly by footholds in the rock. This 
Diain-way occupies a vertical crevice in the limestone, or a 
series of cavernous partings more or less filled out with work- 
able ores. The widest portions are some 12 feet, the most con- 
tracted, not more than six inchea Many of the former are 
>f the nature of drusy cavities lined with quartz and gypsum. 
rhe narrower portions have generally yielded paying ore of a 
lecomposed and ferruginous character. The vertical crevice, 
^hich nas been followed westerly into the hill has been pretty 
iioroughly wrought The most extensive workings, however, 
bilow ricn partings between planes in the limestone beds, thus 
nving rise to lateral excavations opening into the main-way. 
Sich pockets of galena are found both in the crevice and in the 
lorizontal deposits, and these seem to be increasing in deptL 
Indeed it is chiefly for galena and other plumbiferous ores 
plomosos\ that this mine is at present wrougnt ; and it appears 
inat its ores of all grades {ayuaas\ have always been prized less 
or their argentiferous qualities, tnan for the property of facili- 
ating the smelting of the more refactory ores (resecos) of the 
iistrict* 

* Although oyer 300 feet below the bed of the ravhie, which is dry except in 
he rainy season, there is no water, or even sensible moisture in the bottom of the 
oine ; and though the deepest mine at present wrought in the region, it is, like all 
he others, without mechanical appliances of any sort. The ore is spalled under- 
pmmd and brought to ^e surface on the backs of men and boys whose burdens 
mry from 1 00 to 1 26 lbs., and who make during the day five tnps to the bottom, 
rhe mine is so excessively warm and badly ventilated as to be almost suffocating ; 
rhile its passages are so worn and polished by the hands and feet of the miners 
» to afford the most precarious footing. The carriers (fenateroB) are surprisingly 
losculMr, nimble and sure of foot, running with swiftness up and down the single 
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The other workmgs of this group are on the east side, and 
further toward the head of the ravine, occupying different beds 
in the limestone and pursuing productive courses of era The 
principal are Chiquthuitej JRosano, Oertrudis and & Lassaro. 

DoLOBES Gboup. — The cafion of Dolores is a deep goi^ee cat- 
ting almost perpendicularly the axis of the limestone ujmft or 
boss. The clim thus formed, expose on either side a perfect 
section of bare limestone strata. Its course is very nearly west- 
ward, and its head opposite and very near that of the Santo 
Domingo arroyo. Together the two water-courses describe a 
triangle, and as they border the mining area impart this shape 
to it A lofty rii^e capped with the summit cantera divides 
the two waters. Owing to the comparatively rapid declination 
of the limestone strata in this direction, the workings toward 
the head of the cafion are by means of sha^ going down just 
above its dry bed. Thev are the Tiro Dolores, present Do- 
lores, the " Gauo " (Aguado) and the Vieja shaft. 

The Tiro Dolores is a vertical shaft starting in the cemented 
rubble, but soon striking the fossiliferous limestone which, fiom 
200 to 800 yds. below, is imcovered in the bed of the cafion. 
The shaft is 827 fb. vertical — at which depth a slanting passage^ 
now flooded with rain-water, carries it some 100 feet deeper. 

The Aguado^ like the Dolores, is now inaccessible. It is an 
irregular sinking of about the same age and depth as the latter, 
and communicates with it by deep workings, its mouth is near 
the top of the limestone formation. 

The Dolores^ present working, is a sinking of the same descrip- 
tion as the Aguado, with the lower workings of which, and 
thereby with tnose of the older Dolores, it connects. The upper 
and more accessible workings are still wrought in a small way 
for plumbiferous orea The Viyd^ some 200 yards still further 
down the arrovo is also an irregular sinking carried to the depth 
of about 165 ft. It still affords desirable silver ores. 

All these mines were formerly diligently wrought — the 
shafts by means of horse-whims. From a watch-tower on the 
highest point overlooking the whole district, timely warning of 
the approach of the savages could be given. Ruins of stone 
dwellings built strong for defense, indicate a former settled 
establishment in the bottom of the defile, which, as in the case 
of all the others in the region, contains water only during rains. 
The water in the mines appears to have got in firom the surface, 
no percolation being sensible even in the deepest 

In the immediate vicinity of these old workings, near the 

notched stem of a ladder, and the shelving, slippery rodcs in lieu of steps, but 
laboring for breath, and l^eir bare bodies bathed in perspiration. No laborers in 
the world have a more arduous task. The cost of raising the ore in this manner is 
S6 cents per 360 lbs. This could be greatly reduced, and the mine improved by 
an opening from the ravine. 
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head of the arroyo, the dip of the limestone beds to the south- 
east is near 45®. The vertical axis of the boss is in the eroded 
neighborhood of the Vieja, at the conflnence of another arroyo 
from the southwest From this point in every other direction 
the dips (quaquaversal) are gentle, coming down gradually to 
not more than five degrees. But the steeper dips toward the 
outside of the limestone boss have brought up a great thickness 
of this formation (400 ft.) above the arroyo, and thus west of 
the Vieja the same strata are above its oed, as could only be 
entered bv shafts east of this point This is an explanation of 
the fact tnat below the Vieja all the workings are above the bed 
of the ravine, their openings being in the bluffe. These work- 
ings are all approximately horizontal : that is, they follow the 
stratification which on either side being slightly inclined from 
the ravine, gives them all something of a descent into the oody 
of the hills. 

The San JosS enters the south bluff a Quarter of a mile below 
the Vieja, some 80 ft. above the bed of the arroyo. Its work- 
ings extend to several beds, the excavation of wnich has caused 
great chambers, while a number of natural caves also have been 
opened. The ores here are mainly diffused through the lime- 
stone strata in ferruginous and the more decomposed portions. 
They are also found in courses leadin^r from stratum to stratum, 
bnt never in the fonn of a vein. 

The Parcionera opens near the San Jos^ some 70 feet higher 
up the bluff— its workings, however, descending so as to con- 
nect with those of the latter, and thus excavating several beds. 
It may be describe as a series of caverns, botn natural and 
artificial, the largest in the district It is here that is to be 
seen the immense one already mentioned. The openings extend 
about 500 yds. into the hill, in which distance they fall some 
150 ft. Tne pursuit of courses of ore whither they might lead, 
has caused very irregular passages. The ores of the mine are 
highly prized, and at the time of my visit were being extracted 
by twenty miners for the supply of the furnaces of Don Eman- 
uel Escobar. The ores then coming out were plumbiferous. 
Their mode of deposit does not differ from that oi the San Jos6 
ores. 

The San Matias is in the north bluff, directly opposite to the 
San Jos^ and Parcionera, and going in on the same level. It is 
one of the more cavernous, as well as one of the largest and 
oldest, mines in the district, having been wrought southeastward 
so as to connect by descending passages with the workings of the 
Vieja, a quarter of a mile oft* It is still wrought by Mateos 
& Co. Its ores are excessively ferruginous (coloraaos\ their 
color being that of red hematite. According to the owner they 
are now yielding 12 ounces to the carga ($103 to the ton.) 
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Several openings in the north bluff have been made at higher 
levels. One, the Chiartilleraj is at the height of some SOO feet 
above the bottom of the cafion. It furnishes a non-ferruginous 
ore of a drab eolor. 

Guadalupe Gboup. — ^It is convenient thus to designate 
the numerous workings in the same hill with the Paicion^m, 
situated, topographiciuly speaking, some above these mines, and 
some on the opposite north and west sides, wherever the surface 
is not too steep to afford easy access. 

The Ouadcuupe mine is directly over the Parcionera and San 
Jos^ and opens from the plateau which marks the top of the 
limestone formation. I^ workings progress southeasteilj, 
descending through several very ferruginous beds in which sil- 
ver ores seem to be concentrated in ^'pockets" — ^the average 
ferruginous couiBes being fiUed with segregated quartz, and 
generally barren. A drus^ cavity is said to nave been struck 
Here in 1865 which gave m one day sulphids of silver worth 
$6000 ; and five months afterwards another, yielding $1200. 

The Aragon is a similar working in still higher UmeskMie 
strata, and very near the iunction of this formation with the 
cantera, here a bufi^ porpnyroidal quartzitCi a fine outlier of 
which rises some 160 ft aoove the limestone plateau. Both 
this mine and the Guadalupe steadily yield plumbiferons 
ores, carrying, mostly in an invisible form, chlorid, bromid 
and sulphids of silver. 

The other mines of this group are all on the left flank of the 
limestone ridga They are the Santa Sita, San Francisco, 
Purisima, Nemta Grande, N^rita Chiquita, and the Carmen. 

The Santa Mita^ one of the oldest and more reputable mines, 
is a shelving excavation, starting in fossiliferous limestone, 
some 860 ft. above the bed of the Dolores arroya A large 
burrow of ferruginous material indicates the extent of former 
workings. The main opening is said to be asphyxiated, and 
is now closed, though contaimng, according to all accounts, ores 
running as high as four marcs to the carga ($260 to the ton). 

The Purisima^ occupies nearly the same level as the Santa 
Eita, going down some 60 ft. in heavy bedded limestone, foe- 
sUiferous at the surface. The fossils, as usual in this locaUty, 
are a coral, Badtolit^, and fragmentary Pecten and Inoceramus, 
The mine, though now vacant, was worked three years ago, and 
is said to have proved satisfactory. 

The San Francisco is a sloping excavation in the hillside, and 
some 100 ft lower in the limestone than the Santa Bita. The 
workable portions of the limestone beds closely resemble those 
of the workings in the Dolores arroyo. The mine is now sup- 
plying hi^hl^ prized ores to the Chihuahua Company's haciendb. 

The Negnia Grande is an old, now inaccessible, shaft, more 
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than 250 fL deep, which depth about corresponds to the level 
of the arroyo immediately below the mouth of the mine, and 
from which it would be practicable to reach its workings. The 
shaft was formerly worked by horse- whims (maiacates) — prob- 
ably by the distinguished Bustamente who is reputed to nave 
hadf a bonamta from it of $60,000, said to have been in the form 
of concentrated chlorid of silver. 

The Neariia Chtquita is a newer open working, now operated 
by Don J&ub Mateos, and occupying strata but a little lower than 
the mouth of the shaft of the Neariia Qrande. The Carmen 
occupies beds somewhat higher, and is a similar cavernous exca- 
vation. 

It will be understood that notwitiistanding wide differences 
in topographical level, all the workings above mentioned are 
embraced within the same set of beds whose combined thick- 
ness does not exceed 460 ft. ; that the shaft workings at the 
*head of Arroyo de Dolores, tiie mines of the Santo Domii^o 
anoyo, and the workings on the top of the plateau forming me 
Burmce of the limestone uplift, all have their entrance at about 
the same etraiigraphical honsum; thai is, near the top of the lime- 
wtone. And it is to be borne in mind that stratigraphically the 
lowest workings are not those which topographically are the 
lowest, but the San Jos^ and San Matias mstead of the Dolores, 
Yieja and the Aguado. 

Notwithstanding the number and size of the excavations in 
the mining ground of Sta. Eulalia, and the large returns which 
these have f^orded, its future proroects seem scarcely impaired 
by the achievements of the past dj the modem scale or min- 
ral industry, these might pass foponly a thorough exploration — 
in its assurances worth all that it has yielded. The location of 
the mines has been determined by the accidents of the surface 
rather than by promising outcrops — a foothold upon the surface 
seeming to have been all that was necessary. Besides the great 
amount of unbroken around left in and amidst the established 
mines, a large body of the limestone strata remains untouched, 
especially to the north of the Dolores arroyo, where the inner 
ends of the workings, proceeding from the bluff on that side, 
show no deterioration or diminution of the ores. It is not ven- 
turing too much to predict that the past record of Sta. Eulalia 
will be far suipassea at some future time by its development 
prosecuted by an enlightened practica 

Yield. — Extracted according to the judgment of the miners 
who are very expert in the detection of familiar ores, the ores 
after being spalleci, run from 4 to 6 oz. to the carga ($8446 to 
$51.60 per ton of 2000 lb&) Four-ounce ores are abundant in 
aU of tne mines, but scarcely pay for working by the present 
smelting practice. By care m selection, this grade is easily 
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brought up to five and six ounces to the carga. This is the low- 
est working yield of all the smelting operations— the averace 
being something above this. Don Jesus Mateoa, one of t£e 
most experienced operators in the district, by using a mixture 
of the 12 oz. ores from the San Matias and 6 oz. ores of the San 
Jos^, obtains never less than 6 oz. to the carga, generally as high 
as 8 oz., and sometimes 9 and even 10 oz. 

(hat of ore, — ^The cost of ore delivered at the mouth of the 
mine varies according to the expense of raising. At the Par- 
cionera, which may be taken as the type of horizontal or sloping 
workings, this cost, which includes all mining expenses, is stated 
at $1.60 per carga. At the Santo Domingo, the cost is greater 
on account of the laborious raising. The ores are delivered at 
the furnace for 20 to 87^ cents per carga, the donkey-load being 
one carga (800 lb&) 

BediuUion. — The ftimace employed in the district is the com- 
mon Mexican adobe homo, a blast-furnace 47 inches high, 18 in.' 
wide at the top, slightly tapering toward the bottom, and 16 in 
across. The blast is supphed by hand bellows, the nozzle of 
which is in the back, 8 m. from the bottom. In the better con- 
structed establishment of the Chihuahua Co. the bellows are 
set in motion by mules. The charge of the frunaoe variee 
according to the notion of the smelter as to the requirements of 
the different ore& Mateos uses 75 lbs. of spalled ore to 20 lb& 
of litharge, and 12 to 25 lbs. of old slag (ff^rasd) by way of flux. 
The charge of litharge varies with the ore. Plumbiferous ores, 
like those of Santo Domingo, Santa Gbrtrudis, Dolores and 
San Antonio, give an excess of litharge, and hence are in espe- 
cial favor for mixture ; while the excess of litharge obtained is 
sold out of the district at the rate of 8 to 16 dollars per cam 
($2.67i to 5. 82 J per cwt) The cupellation is done in the ordi- 
nary adobe vaso, one servmg three blast furnaces, or treating 20 
cargas of argentiferous lead per week. 

SSiel — The question of fuel is one of paramount importance 
to the industry of the district The mesquite root is the only 
indigenous fuel of the immediate section of countnr, forest trees 
being entirely unknown east of the humid belt, 50 miles to the 
west of Sta. JEulalia, except the cotton wood {alamo) which is 
cultivated for shada Yet nothing could excel this root as a fuel, 
either as it comes from the ground., or after conversion into char- 
coal. A single shrub generally gives near a cord of heavy root 
In the neighborhood of Sta. Eulalia, the mesquite has long been 
exhausted by the draft upon it from there, and from the city of 
Chihuahua. Oak charcoal is brought 30 leagues to Sta. Eula- 
lia from Mapula, and sold at the rate of 75 cents to one dollar 
per quintal (lOO lbs.) — ^the lower price prevailing whenever the 
roads are favorable. Oak wood is likewise brought thither, and 
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,te of one dollar (copper) per carga (80 sticks, 28 by 
ame prices prevail in the city of duhuahiia. Mes 
J &om the east side of the Sta. Eulalia Mts. is 
the village for $1 to $1.50 (copper) per quintal 
already high, would doubtless steadily advance 
)r and more pressing demand, such as would be 
n extensive smelting industry depending upon a 
f and limited price of fuel, without control over 

leaper mode of reduction, the cost of production 
3ry considerably lessened by rendering available 
lough cheaply and largely broken, are now rejected 
ing as high as $84 to the ton. This condition, 
tie introduction of mechanical appliances, would ne- 
ig this cost below the cost of extraction of silver ores 
ve workings in Nevada, though now far exceeding 
of the deep mines of the Comstock loda But the 
xtion is even more excessive and out of proportion 
of the ores. Though the Mexican smelting prac- 
sd with a smaller loss of silver, the fSact that Nevada 
ig no more than $15 per ton can be worked by 
n with some profit, more than offsets the loss of 
cent to which all are subjected, as a large and regu- 
generally depends upon the availableness of the 
;rade — always predominating in extensive deposits, 
ican furnace by no means extracts the whole of the 
r be seen by picking up firom any ancient or fresh 
gments containing numerous gloDules of argentif- 

in familiAr units the above rates imparted to me by Don Jesus Ma- 
a form for comparison with working results elsewnere obtained by 
af reduction the following exhibit: 

Cost of Production. 

at mouth of mine, per ton, at $1.60 per carga, $10.00. 
iontoftimace, " " 037^ " 2 62^. 

12.02* 

Coet of Reduction. 

blast ftunaoe, per ton of ore, at $1 per quintal, $10,024- 
voM, cupelUng, " ** " $1 per carga, 2*66f 
\i $1. per diem, ) 

\% \. " {-Labor, 4.92 

It 0.37i " ) 

•pairs, eta, 1.00 19.21* 

\ of production and reduction, $31.84 

9d the mean of variable rates, no allowance is made for the discount 
kcy (at the time of my visit, in tiie winter of 1869 — 33* per cent; 
leater) in which are stated the prices of fViel, especial^ as the 
lars out the representation of Don Jesus; namely— that in the fail- 
rsas of ore smelted weekly by one furnace to yicdd a total of thirty 
&at is (taxes paid) $32 per ton, loss is incurred. 
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erous lead, and otherwise indicating imperfect reduction. Fuel 
is far more costly at Virginia, Neveda, than anywhere in Chi- 
huahua, but this difference follows from the higher price of labor 
there — ^the supply of fuel really being greater than at Santa 
Eulalia.* 

Thus will be seen the mistake of treating the ores of Santa 
Eulalia by a practice which is so costly as to render unavailable 
the great bulk of them, and to absorb almost the whole value 
of even the choice ores in their reduction, when by a cheaper 
practice the whole run of the ores could be treated with pix^t^ 
and the industry improved and expanded in all respectSL I 
allude to amalgamation as practiced m Mexico itseli^ and which 
the climate, labor and fieicilities of the country especi^y fiivw. 
In 1846, it was estimated by Mr. John Phillips, seven-eighths of 
the silver produced in Mexico was obtained by amalgamatioD. 

The lack of surface for patios at Sta. Eulaua, together with 
the scantiness of water, are circumstances sufficient to acoount 
for the prevalence there of smelting, notwithstanding the aim 
are of a nature to yield readily to patio amalgamation. That 
these difficulties have never been surmounted is to be ascribed 
to the isolated condition of this section of country, and its lack 
of £Bicilities for extralimitaiy supplies. In the last oentoiy, 
during the period of its prosperity, as I leam finom a manuscript 
in the state archives, amalgamation both hj patio and cazOj was 
carried on at Sta. Eulalia and Chihuahua to the extent of keq)- 
ing in operation in the two places 72 drag-mills (taAones), and 6 
stamp-mills (morteras de agva y cabailertas\. The reduction 
works, just erected, of the new Chihuahua Co. have not in the 
least departed from ancient models. Nor would a change of 
practice be warranted by anything short of an extensive under- 
taking. In view of the scarcity of water and fuel at Santa 
Eulalia, it must be seen that present operations without modifi- 
cation can scarcely be extended beyond their present scope. As 
long as thev are thus limited, they are favored by the cnoioe of 
ores, and oy cheap labor. By dispensing with meohuucal 
appUances for dressmg ores any considerable outlay is avoided. 

The silver deposits of Santa Eulalia, however, are so saperior 
and extensive as to warrant their extraction and reduction on a 

* Kotwithfltanding the rates of labor in Nevada are more than treble thoae d 
Santa Eulalia, the ores of the Comstock lode are extracted for a half to a diiid ko^ 
and reduced for less than a half cheaper — ^their average yield ranging hi difRBflreol 
mines firom $28 to $43. To properly contrast the wide diifeienoe between tte 
economical conditions of the industry taken as a whole in the two looali^ea of 9tL 
Bolalia and Virginia City, it is neceasary to consider that of the lalter aa inToMf 
an immense ouUay for milling and deep mining, altogether beyond the reqniraiMBii 
of the former locidity. It is also obyions that a high coat of ftiel wcNdd, the ■■• 
as at Santa Eulalia, predude the praotioabiiity of woiiring by smeltbig any bsl 
MlMted orea, and thus oonfine the Oomatook induatiy wittdn eo ipi attfw nMfV 
limits. 
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iilge scale. This will be practicable by having recoiirse to the 
tcilities afforded by one or both of tne two plains on either 
de of the Sta. Eulalia mountains. 

West of the mountains, superior facilities for the dressing of 
res, and for patios, are to be had at Tabalopa on the Sacra- 
lento river, at the distance of some eight miles from the mouth 
f the Arroyo Dolores Ores could be delivered at this point 
J wagon at near the same rate that they are now freighted on 
Loles over the mountains to Santa Eulalia. This way out to 
le plain would be by the ravine, and thence the whole way to 
*abalopa by a down grada 

HavSg extended my observations but a Uttle way east of 
lis gorge, I am not prepared to determine the question of an 
sit on that side of tne Sta. Eulalia range. Should it be found 
racticable to cheaply deliver ores in the Conchos valley, this 
ide would, on the wnole, present superior conditions for reduc- 
Lon works, provided a ^ood water supply can be had, which is 
iFobable, as the plain is already thoroughly irrigated Fuel 
tnesquite) is far more abundant here than on the Chihuahua 
ide, and the position is nearer by two days to all supplies drawn 
rom Texa& 

Hew York, Jan. 1, 1870. 



^BT. XXL — MiMckvnery and Procesaes of the Industrial Arte^ and 
Apparatus of Ae Moact Sciences; by Fbbdebick A. P. 
Babnabd, LLlD., United States Commissioner to the Paris 
Universal Exposition. 

If the imperial decrees of June, 1866 and subsequent dates, 
rhich gave origin to the Paris Exposition that opened on the 
iiBi of April, 1867, were grand and comprehensive in their 
oope and intention, they were ec^ually illustrious in the success 
nd completeness of their execution. More than fifty thousand 
Exhibitors brought together on that occasion several millions of 
rbjects, aU different and all deserving attention. These were 
;athered fit)m some forty nations and countries, covering the 
atire civilization of the globa Taken together they formed a 
epreaentation of the art, the industry and the inventions of 
nankiiid, and of every ideal yet realized for the comfort, the ele* 
sBoei the operative power, and the progress of the human race, 
rrom the material to the implement the completed structure 
or the machine ; fix>m the staple to the fabric ; from the mas- 
ire, and gigantic — the products of Cyclopean forges or Titanic 
oginee— down to the in&nt's toy and the gossamer vestment ; 
rom the panderoos gearing to the tiny time-piaoe all w^re 
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spread out, an accumulation of series upon series, and ereiy 
series showing an almost complete and continuous gradation 

The field of the Exposition was the parade ground, or 
Champ de Mars, easy or access, and supplemented oy annex- 
ing the island of Billancourt in the Seine, together comprehend- 
ing an area in excess, by a few acres, of one-fourth of a square 
mue. Spacious ^unds outside the buUdin^, or pcUace as it 
was callcKl, but without much very palatial in its aspect or con- 
struction, were allotted to 'structures that ranged fix>m die 
nomadic hut of an Esquimaux to the gilded palace of the 
Sultan,' and to such living, or agricultural, or other objects and 
groups, as could not suitably be admitted within. In aeference^ 
we suppose, to French propensities, the number of groups 
was lust ten ; but, by a marvellous aberration, tilie number of 
subaivisions or classes was but ninety-five. Seven of these so 
classified groups were arranged in seven oval galleries, one 
story high, successively surrounding one another, and divided 
systematically into commodious apartments, the entire assem- 
l)lage of which comprised an area of forty acres and a circuit 
of almost a mile, in the center was a pavilion holding sets of 
the various national coins, weights and measures, and surrounded 
by a florally ornamented space from which sixteen avenues 
radiated to the outer spac^ or circumference of the palaca In 
the sixteen sections thus formed the various nationalities had 
their products and groups arranged in a series, and all the series 
corresponding to one another from circumference to center. 
By passing around the galleries the spectator would come in 
succession upon similar groups of the different nationaUties; 
while by passing along the avenues he would take successively 
the various groups of any and every nationality, each through its 
own entire series. Accordingly a tour of ten miles judiciously 
disposed, was enough to bring to an observer's attention the 
entire aggregate of groups within the building. By such 
means therefore, the best practicable facilities were supplied to 
each nationality to exhibit its own products to advantage, at 
once in union and in comparison with the like of other coun- 
tries, while also the one ' special jury ' and the ninety-four 'juries 
of classes,' for awarding testimonials and degrees of merit— 
the prizes^ the medab and the honorable mentions — and, with 
them, the ten ' juries of groups,' for revising these awards under 
the final revision of a 'superior council, &11 had the most 
ready and commanding observation of the objects composiiig 
the entire exhibit 

Were it a possibility to continue in permanence such an 
exhibit — a single area into which all the national arts were 
gathered and concentrated, like differently colored lights in the 
focus of an object-glass — ^there might thus be afforded to vishon 
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an ever accessible telescopic vision, as it were, of the various 
civilizations of the earth, although ever so remote or scattered. 
But, even then, the visitors, however great their multitude, 
sould never be expected to comprise more than a small fraction 
rf the thinking ana inquisitive classes of societjr. The best sub- 
stitute therefore which the case admits of plainly seems to be 
Df the sort adopted and carried out by the Federal Govem- 
[nent for the use and satisfaction of these United States ; that is 
to sav, a well appointed and sufficiently numerous commission 
to witness, examine and report upon the Exposition and the 
noups and classes of objects therein represented ; and the 
Reports to be printed by the Government for general^ distri- 
bution. Besides the primary * General Survey of the Exposi- 
tion,' from the pen of Charles B. Seymour, chairman of the 
Committee, instructed for that purpose by the Department of 
State, and its prefece by N. M. Beckwith, U. S. Commissioner 
Greneral, and rresident of the Commission, the Reports are 
before iis, so far as their publication has been completed. 
By fiur the most voluminous, various and extended of the 
number is that of President Barnard, the title of which is 
employed above as an introductory heading to these remarks. 
It IS an octavo of 650 pages, filled with descriptions, illustra- 
tions and theoretic determinations, illustrated with numerous 
elearly executed cuts on the pages, and concluded by eight 
elaborate and finely wrought engravings. The finished artistic 
execution of this and of all the volumes or reports is obviously 
due, in no small measure, to the taste, good judgment and 
accuracy of Prof W. P. Blake, who superintended the publi- 
cation, as its editor. It sets off to advantage the intrinsic value 
and eminent adornments of the report, — ^both the matter and the 
author*s style of rendering it iNext to the privil^e of one's 
own presence amid the immense and diversified assemblage of 
objects in the Exposition, is the experienced satisfaction and 
advantage of finding one's self in presence of a lai^e collection 
of the most select and suggestive of the number, brought into 
one view through the medium of luminous, graphic and illus- 
trated descriptions. The author not confining himself to mere 
delineation, as he passes from object to object, takes pains to 
instruct us in their subsisting mutual connections and depen- 
dencies, and to explain in each the distinctive uses of 
parts, the modes of general operation, and the rationale of 
effecta Often indeed, if we will stay to go deeper, he puts at 
our disposal his well understood powers of analysis, dissipates 
the fisJlacies which becloud the mechanician's conceptions, and 
reconciles those paradoxes which, to the popular mind, often 
carry the semblance of an inevitable discord oetween ^hose two 

Ax. JouB. 8ci.*8sooim Smiiis, Vol. XI«IX, No. 148.— Mabch, 1870. 
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wedded and indissoluble partners, Theory and Practice. Aad 
we attend to these all tne more earnestly that our author's 
opening chapter had impressed us, as at the vestibxde and 
entrance of our survey, with the intimacy and imminence of 
* The relation of invention to industrial progress.' That model 
chapter traces and exhibits with unwonted distinctness the 
dependence of art uoon other art, and of art upon its own 
created auxiliaries : tnus the steam engine first put within the 
workman's reach those operative and refined tools to which the 
steam en^ne itself owes its progressive improvement and exist- 
ing completeness. In following out the like connections and 
dependencies we are also led to perceive, not indeed for the first 
time but with intensified vividness, how deeply art and inven- 
tion project their influences into economic and social life, into 
trade and commerce, into civilizing efiects abroad, into the 
habits of thinking and feeling at home, and even into politics 
and the nations's destiny. Thus, the cotton-gin expanded itself 
into a prime mover not only of all-pervading activities in the 
manufactory and on the ocean, but even of the vast combina- 
tions and issues themselves of war and peace. Here is no 
exaggeration ; still we conceive, with our author, that not the 
individual inventor alone is to be recognized as the originating 
instrumentality of all this, except as one which the age itseu 
had brought up into preparation for his invention, and in 
whom the invention sprang up because the age had created a 
demand for it 

The dependencies of industrial art may be spoken of in 
various senses, — massivehj^ for instance, as resting upon force, its 
modifications and applications, — or quantitatively^ as resting for 
the abundance and multiplication of its products, upon ftcile 
machinery, manipulation and skill,-— or inductively^ as resting 
upon knowledge and ingenuity for its origination and progress. 
A glance at the table of contents and headings of the chapters 
of the report, will suggest how considerably some such natural 
classification, whether or not so intended, has influenced onr 
author in the selection of his subjects and in their arrangement 
Of the eighteen chapters, five are occupied with the subject of 
power in its various mechanical relations ; as, first, the prime 
movers, steam, air, water, electricity and their enginery ; next, 
the transmission of power, then its accumulation, then its 
measurement and registration, and, lastly, its massive applica- 
tions. The eight middle chapters are taken up mainly with 
the appliances, the methods and the instrumentalities of inge- 
nuity, tact and sagacity, as used for the purpose of productmy 
and acting through all the range and agencies of heat, cold, ex- 
citation, pressure and motion, — sometimes the production of 
improvedf material, and sometimes the production of improved 
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ffects, or of articles and implements for ornament and use, 
n their variety, their finish, and their aptitudes, as well as 
he rapidity and multitude of their manufacture. The conclud- 
Qg four chapters are occupied with the * exact sciences ' consid* 
red in their mechanical and practical relations. We read with 
render of the success with wnich measurements are carried to 
n exactness well nigh rivalling, to all intents, the mathe- 
matical itself,— of rods ascertained to a millionth of an inch in 
sngth, and of balances that perform to a twenty-millionth part 
•f their burden. We are delighted to trace anew the progress 
>y which the human eye has become enabled, through the per- 
ection of object-glasses enormous in dimension, on the one hand, 
•r of nodnute sizes on the other, to penetrate into the universe out- 
wardly, and into the bosom of nature inwardly. We are let 
nto the surprising secret by which mechanism is made to 
ender numerical computations with greater exactitude and 
rith immeasurably greater promptness than the mental facul- 
ies of the computer himself could realize. We are instructed 
LOW to make sound itself a thing of visible undulations, and 
low to apply a measuring scale to their continuance. Not 
auch, it is true, of the Exposition, as the author himself is 
areful to say, was absolutely new, as respects elementary inven- 
ions ; and, therefore, not much of that quality and essence 
onld have place in any faithful account of it The report is 
imply, and admirably, a representation by just and varied 
elections, of the stage of progress which industrial art and 
nvention had reached in the year 1867. Although necessarily 
lartial it still embraces a collection ample for its purpose ; that 
3 to say, for giving a near birdseye view of the Exposition, 
nd, liKe the walks and avenues of the Exposition itself, di- 
versified by occasional fi:^ments of history and relics of 
sgendary lora Taken together it forms a resort where the 
pgineer may obtain reassurance, the mechanic experience, the 
iventor impulse guidance and correction, and the man of 
dtellect or of letters choice entertainment The report is 
printed as a public document, and has not been orainarily 
btainable otherwise than bv and through members of the 
Tnited States Senate, each oi whom, as we are informed, had 
he distribution of some fifteen entire series, each corresponding 
:> the one of which this report is a constituent 

The United States was not laigely represented, as respects 
umbers, in its own section of the Exposition. The country was 
X) much occupied with new and extraordinary domestic 
uestions. Industry was unsettled in many respects. The 
abject had not attracted the earliest attention ; and the field 
ras very distant Yet our national exhibit, although not 
xtendea in scale, was excelled in quality only by France 



180 T. & Sunt an Nariie Bock. 

itself— and that in no very considerable degree — while the per- 
centage of awards relative to the number of exhibitors was 
double the corresponding percentage for England and her col- 
oniea 

No extracts which our space would allow could do justice to 
the report, especially if not accompanied bv the cuts or engrav- 
ings ; and if we were to instance and enlarge upon passages 
and descriptions that appear specially important, it would con- 
vey no conceptions to the reader comparable with what he will 
obtain by a reference to the work itself. We only add, in 
justice to the distinguished author, that, while he is tnoronghlj 
American in a due anxiety to set forward the claims of his 
countrymen, it is with an obvious impartiality toward all the 
competitors, and with a diligence whose regulating principle is 
truth and an endeavor for the benefit of mankind in general 



Art. XXTT. — On Norite or Lahradorite Rock; by T. Stebby 

Hunt, LLD., F.RS. 

[Read before the American AssociAtion for the Advancement of Scienoe, al Sdon, 

August, 1869.] 

The various rocks composed essentially of a triclinic or anor- 
thic feldspar, with an admixture of hornblende, pyroxene, 
hypersthene or dialla^e, have by lithologists been designated by 
tne names of diorite, dolerite, diabase, hypersthenite and gabbro, 
among others. The latter name has by many been r^arded as 
synon^ous with euphotide. I however pointed out many 
years since that the true euphotide is not a feldspathic rock, but 
consists of a mixture of diallage with saussurite, a white heavy 
silicate apparently identical with zoisite. By an admixture of 
labradonte or an allied feldspar, however, euphotide passes 
into the so-called gabbro, which I have defined as a difula^ 
diabase (this Journal, II, xxvii, 886J, and which is closely related 
to norite. The name of hyperstnene rock or hypersthenite 
(sometimes contracted into hyperite), was given by MacCulloch* 
to a rock consisting of labradorite, or a relatea feldspar, and 
hypersthene, found by him in the Western Mands of Scotland, 
ana subsequently recognized by Emmons in the Adirondack 
Mountains of northern Jfew York, By both of these observers 
it was regarded as an erupted rock. In 1851 I detected it 
among the Laurentide hills of Canada, where, as in New York, 
it extends over considerable areas. Farther examinations of 
this rock in place showed that though hypersthene, generally 
in very small proportion, is a frequent element, it is ofken 

* MaoGuUoch, GeolQgj of the Western lalands, i, 886-^90. 
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replaced by a greeo granular pyroxene, and still more often both 
of these are wanting, so that we have a rock composed almost 
entirely of a triclinic feldspar, whose composition is generally 
Dear that of labradorite, but varies in different examples fix)m 
that of andesine to near that of anorthite. To these rocks I 
provisionally applied the name of anorthosites, the pure feld- 
spathic type being regarded as normal anorthosite, associated 
with which, however, were to be found hypersthenic and pyrox- 
enic varieties. Red garnet, epidote, a black mica, ana more 
rarely dichroite and quartz, are all occasionally found sparingly 
disseminated in these anorthosites of New York and Canada, 
which cannot be distinguished from those first observed by 
MacCulloch in the Isle of Skye, as I have convinced myself by 
an examination of the specimens there collected by him, and 
now preserved in the collections of the Geological Society of 
Londx)n. Titanifcrous iron ore (menaccanite) also frequently 
occurs in grains and masses in these rocks, botn in Skye, and in 
North A.merica, where it sometimes forms beds or masses of 
considerable size. Details as to the chemical and mineralogical 
characters of these rocks will be found in the L. E. & D. Philos. 
Magazine for May, 1855, and also in the Geology of Canada, 
1868, pages 588-x590. 

The subsequent investigations of Sir William Logan have 
shown that these anorthosites in Canada belong to a ^at series 
of stratified crystalline rocks which by the geological survey of 
Canada have been designated the Labrador or Upper Laurentian 
series, and which repose unconformably upon the older or true 
Laurentian gneiss and limestones. Tne area of the Labrador 
formation most examined lies in the counties of Argenteuil and 
Perrebonne, to the north and northwest of Montreal, and has a 
breadth of more than forty miles. It is however met with on 
the northeast shore of Lake Huron, according to Dr. Bigsby,* 
md at several points below Quebec, notably in the parish of 
lh£teau-Bicher, at Bay St. Paul, and around Lake St John on 
the Saguenay, where it occupies a large area. Proceeding north- 
iastwiurd along the left bank of the St Lawrence, Mr. Eichard- 
lon has lately observed it at the mouth of Pentecost river, 
ibout 160 miles below the entrance to the Saguenay, and I 
lave found it forming the shore of the Bay of Seven Islands 
forty miles farther down. This area is probably connected 
^ith the wide extent of this rock observed by Prof. Hind on 
;he river Moisie. In all of these regions it appears to be sur- 
X)unded and limited by the ordinary Laurentian gneiss. Bay- 
leld, moreover, describes a rock witli a base of labradorite as 
forming the coast for several miles near Mingan. Finally, it 
s widely spread on the coast of Labrador, where its character- 
Stic mineral was first found, and from whence it takes its name. 

♦ (Jeologj of Canada, 1803, page 480. 
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Pro£ A. S. Packard, Jr., has given us valuable information 
with regard to the occurrence of labradoiite rocks at some 
points on the Labrador coast* One of its localities is at Square 
Island, just north of Cape St Michel, where the rock consists 
chiefly of crystalline labradorite smokv gray in color, trans- 
lucent, and opalescent with greenish reflectionsL This feldspar 
often shows cleavage planes two inches broad, and is associated 
with a little vitreous quartz and with coarsely crystalline 
hypersthene, which appears in relief on the weathered surfaces. 
This labradorite rocK, according to Prof Packard* is sur- 
rounded by and probably rests upon Laurentian gneisa At 
Domino Harbor he found domes or bosses of a similar labrador- 
ite resting upon strata which consist in great part of a slightly 
schistose quartzite, having for its base a granular vitreous quartz, 
and enclosing grains of black hornblende, more rarely hypers- 
thene, black mica, and red garnet Feldspar is generally want- 
ing, but in some parts these quartzites become gneissic, and 
they were nowhere seen in uncomformable contact with the 
liaurentian gneiss of the vicinity. These quartzose strata Pro£ 
Packard refers, with some doubt, to the Huronian system. The 
minerals which thev contain are not however met \yith, so iar 
as known, in the Huronian quartzites, and on the contrary, are 
very characteristic of the quartzites of the Laurentian system, 
which attain a great thickness in many parts of its distribution. 
The overlying domes of labradorite rock, which Prof Packard 
was inclined to r^ard, in this case, as erupted through Huronian 

auartzites, are probably nothing more than outlying portions of 
le newer Labrador K>rmation resting upon the Laurentian 
strata, as already observed by him at Square Island. Along 
the western coast of the island of Newfoundland Mr. Jukes 
observed at Indian Head and at York Harbor dark colored 
rocks composed of labradorite and hypersthene, and others of 
albite (?) and hypersthene, which may probably be found to 
belong to the Labrador series. 

Rocks composed chiefly of labradorite or a related feldspar 
greatly predominate in the Labrador series, but these, at least 
in the area near Montreal, which is the one best known, are 
interstratified with beds of a kind of diabase in which dark 
green pyroxene prevails, with crystalline limestone similar in 
mineralogical characters to that oi the Laurentian system, and 
more rarely with quartzites and thin beds of orthoclase gneiss. 
I have more than once insisted upon the rarity of free quartz 
and the general basic character of the rocks in this series, an 
observation with which I am credited in Dana's Manual of Greol- 

* On the Glacial phenomena of Labrador and Maine. Mem. Bost Acad. Xat 
Hist, vol 1, part ii, pp. 214-217. 
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ogy (p. 189), where it seems to be applied to the whole of the 
rocks there classed as Azoic, including the Lanrentian, Labra- 
dorian and Huronian ^sterns. It is, in fact, remarkable that the 
silicated rocks of the latter two consist chiefly of labradorites, 
diorites and diabases ; gneissic and granitic rocks being exceed- 
ingly rare among them, though quartzites abound in the Huro- 
nian. In the Laurentian system, on the contrary, though basic 
silicated rocks are not wanting, orthoclase gneisses, often grani- 
toid in structure, and abounding in quartz, predominate. 

The anorthosite rocks of the Labrador series present great 
yariations in texture, being sometimes coarsely* granitoid, and 
at other times finely granular. They not unfrequently assume 
the banded structure of gneiss, lines of pyroxene, hjrpersthene, 
garnet, titanic iron ore or mica marking the planes of stratifi- 
cation. Probably three-fourths of the anorthosites of tliis 
series in Canada, whether examined in place or in the boulders 
which abound in the St Lawrence valley, consist of pure or 
nearly pure feldspar rocks, in which the proportion of foreign 
minerals will not exceed five hundredths. Hence we have come 
to designate them by the name of labradorite rock. The colors 
of this rock are very generally some shade of blue, fi-om bluish- 
black or violet to bluish-gray, smoky gray or lavender, more 
rarely purplish passing into flesh red, greenish-blue, and occh- 
Eoonallv greenish or bluish- white. The weathered surfaces of 
these labradorite rocks are opaque white. The anorthosites 
which occupy a considerable area in the Adirondack region, as 
described by Emmons in his report on the Geology of the 
Northern district of New York, and as seen by me in hand 
specimens, closely resemble the rocks of the Labrador series in 
Ganada. 

In all of these localities the coarse or granitoid varieties often 
hold large crystalline cleavable masses, generally polysynthetic 
macles, and frequently exhibiting the peculiar opalescence which 
belongs to labradorite. Although rocks composed of labrado- 
rite or simikr feldspars, with hornblende or i)yroxene, occur in 
various other geological formations, both as indigenous green- 
stones and as erupted masses, they never, so far as my observa- 
tion in North America goes, exhibit the peculiar character just 
described ; namely, that of a granular or granitoid rock com- 
posed of nearly pure labradorite or some closely related 
feldspar, frequently opalescent, and generally of a bluish color, 
often violet, smoky blue or lavender blue. This type of rock 
seems in North America to characterize the Labrador series. 

It may here be remarked as an interesting fact bearing on 
the distribution of the Labrador series, that two large boulders 
of labradorite rock, one of the beautiful dark blue variety, are 
found on Marblehead Neck on the coast of Massachusetts. It 
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does not seem probable that these masses could have been 
derived from any of the far off localities already mentioned, 
and the fact that the gneiss of eastern Massachusetts is, as I 
have recently found, in part of Laurentian age, suggests that 
an outcrop of the liabrador series may exist in some locality 
not fSu* removed. In this connection it may be added that I 
have lately found characteristic labradorite and hyperite rocks 
in southern New Brunswick, a few miles east of St John, 
occupying a position between the Laurentian and the Huronian 
or Cambrian rocks, which there make their appearance, acc(Hn- 

ganied by LoWer Silurian strata, to the south of the great 
larboniferous basin of the region. This interesting locality 
was recently pointed out to me by Mr. G. F. Matthew of St John, 
to whom we are indebted for a great part of our knowledge of 
the geology of southern New Brunswick. Chester and Bucks 
counties in Pennsylvania, and the Wichita Mountains in Arkan- 
sas, are cited in Dana's Mineralogy as localities of labradorite, 
but as I have never examined specimens fix)m these places, I 
am unable to say whether they resemble the characteristic ano^ 
thosites of the Labrador series already described. 

The name of norite, in allusion to Norway, was given hj 
Esmark to a rock composed chiefly of labradorite, which is 
found in several localities in that country.* I had already 
noticed the close resemblance between two specimens of norite 
obtained from Knmtz of Berlin, and tlie labradorite rocks of 
North America just noticed, when in 1867 1 had the opportunity 
of examining at the Universal Exhibition at Paris, a collection 
of Norwegian rocks selected for ornamental purposes, exhibited 
by the Royal University of Christiania. Prominent among 
these was a series of the norites, which could not be distin- 
guished from the labradorite rocks of the Upper Laurentian or 
Labrador series of this continent In a printed note accom- 
panying this collection from the University it is said that the 
numerous varieties of rocks consisting of labradorite with 
hypersthene, diallage and bronzite, have, in the geological map 
of Southern Norway, published at Christiania in 1866, been 
designated by the common name of gabbro. This note at the 
same time suggests that " the name of norite should be pre- 
served for certain varieties of gabbro rich in labradorite, which 
varieties mav in great part with justice be called labradorite 
rock, since labrador feldspar is their predominent element" 
With this excellent suggestion I heartily concur, remarking, 
however that the name of gabbro, as an ill-defined synonym 
for certain anorthosite rocks, including in part diorite, "diabase, 
hyperite, and even confounded with the non-feldspathic rock 
euphotide, may very well be dispensed with in lithology. 

• See farther ZirkeL Petrographie, II, 131. 
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By referring to the geological map just mentioned, it will be 
seen that these so-called gabbros occupy considerable areas in 
the Laurentian gneiss region of Norway. By the authors of 
the maps,' Messrs. Kjerulf and Dahl, these gabbros are regarded 
as eruptive, though they are described at the same time as often 
aaaiimmg the character of stratified rocks. It should however 
be noticed that these geologists go so far as to regard the whole 
of the granitic gneiss of the region as unstratified and of plu- 
tonic origin. 

The specimens of these norites exhibited in Paris were in 
blocks polished on one side, and as was observed in the note 
accompanying them, presented a curious resemblance to certain 
varieties of marble. It is worthy of remark that Emmons in 
his report on the Geology of the Northern District x)f New 
York, suggested the application of the labradorrte rocks of 
Essex county as a substitute for marble (pages 29, 418). An 
ornamental vase of the same rock turned in a lathe with the 
aid of a black diamond, has been in the Museum of the Geo- 
logical Survey of Canada since 1856. 

Of the collection of norites from Norway the specimens from 
Scandal and Egersund presented fine varieties of grayish or 
brownish violet tints, wnile a dark violet norite came from 
Erageroc) and also from the islands of Langoe and Gomoe, and 
a white granular variety fi'om the gulf of Laerdal in the diocese 
of Bergen. 

It is only in rare cases that the cleavable feldspar of these 
norites exnibits the peculiar opalescence which aistinguishes 
the finer labradorite found in some parts of the coast of Labra- 
dor. Opalescent varieties of this feldspar are however occa- 
sionally met with in the area near to Montreal, and in northern 
New York. In the Paris Exhibition of 1867 there were 
exhibited from Bussia, large polished tables of a beautiful 
violet colored granitoid nonte, portions of which exhibited a 
fine opalescence. This rock, I was informed, comes fi"om a 
mountain mass in the Government of Kiew, but of its geognos- 
tical relations I am ignorant. 

These peculiar labradorite rocks, presenting a great similarity 
in mineralo^cal and lithological character, have now been 
observed in Essex county, New York, and through Canada at 
intervals fi:om the shore of Lake Huron to the coast of Labra- 
dor. They are again met with in southern New Brunswick, 
in the Isle of Skye, in Norway, and in southwestern Russia, 
and in nearly all of these localities are known to occur in con- 
tact with ana apparently reposing like a newer formation upon 
the ancient Laurentian gneiss. Giekie in his memoir on the 
geology of a part of Skye,* appears to include the norites or 

• Quar. Jour. GeoL Soa, xiv., p. 1. 
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hypersthcnites of that island with certain syenites and green- 
stones, which he describes as not intrusive, though eruptive 
after the manner of granites (loc. cit, p. 11-14). The hypers- 
thcnites are represented in his map as occurring to the west of 
Loch Slapin. Specimens in my possession from Loch Scavig, 
a little further west, and others in MacCulloch's collection fiom 
that vicinity, are however identical with the North American 
norites, whose stratified character is undoubted. I called atten- 
tion to these resemblances in the Dublin Quarterly Journal for 
July, 1863,* and Haughton, who in 1864 visited Loch Scavig, 
has since described and analyzed the rock of that locality, 
which consists of labradorite, often coarse ^ined, with pyrox- 
ene and menaccanite, and is evidently, accoroing to him, a bedded 
metamorphic rock (Dublin Quar. Jour., 1866, p. 94). He, it may 
be remarked, designates it as a syenite, a term which most litho- 
legists apply to rocks whose feldspar is orthoclase. 

I desire to call the attention of ooth American and European 
litliologists to this remarkable class of rocks, of which the 
norites may be regarded as the normal and typical form, in the 
hope that they may be induced to examine still fiui;her into the 
question of tne age and geognostical relations of these rocks in 
various regions, and to determine whether the mineralogical and 
lithological character which I have pointed out are geological 
constants. 



Art. XXin. — On the cause of the color of the Water of Lake 
Leman, Oeneva; by Aug. A. Hayes, M.D., Assayer to State 
of Massachusetts. 

The traveler, who enters Switzerland at Geneva, always has 
his attention arrested by the beautiful azure color which the 
water of Lake Leman presents, especially when, as one looks 
into its depths, the color is in contrast with the white reflection 
of clothing below the surface, at points where the laundresses 
pursue their avocations. 

* I, at the same time, called attention to the Laurentian aspect of the oystallioa 
limestones of lona, which I found in MacGulloch's coUection. Limestones not unlike 
these occur in Skye, intennixed with serpentine, and are, according to Mr. Giekie, 
associated with the protruded syenites of that region. With all deference to the 
authority of that eminent geologist, I cannot help suggesting that a re-examinatkm 
of the district would show that the highly-inclined metamorphic crystalline lime- 
stones, holding serpentine, and associated with syenitic rocks, belong to an older 
system (probably Laurentian), and are thus distinct from the nearly horizontal foe- 
siliferous lia^^sic limestones near by, which are only locally altered by intruslYe rocka 
American geologists will at once recall the mis-conception which led most of oar 
best observers during many years to look upon the old Laurentian limestones of 
New York and New Jersey as altered portions of the overlying paleozoic steta. 



A, A. Hayes on the Color of the Water of Lake Lemaru 187 

Many will remember the expression of Sir H. Davy, that 
"this color is doubtless due to some compound of iodine," 
Emd not only chemists, but geologists have speculated on the 
sause of this coloration, quite frequently with opposite opinions. 

Both in composition and general characters, this water oelongs 
to a class I nave been accustomed to describe as *^ White 
waters," or colorless waters, which, chemically considered, al- 
ways hold a salt called crenate of lime in solution, and mark 
in their color the existence of lime salts, in their course as rivers, 
or in contact with them, as reposing in true lakes. At many 
points in Switzerland these white waters are found, and indi- 
csate clearly the occurrence of calcareous matter, more exten- 
sively dimised than surface observations of the rocks would 
allow in some districts. 

Among the Tyrolese Alps, too, lakes and streams present the 
same cerulean hue, which gives character and beauty to the 
Hrater of Lake Leman, and I have seen even small collections 
of water there apparently as highly colored as the more noted 
lakes. "White waters," when clear, always present this hue, 
ind when turbid, a green hue, due to reflection from particles 
)f solid matter. In the summer of 1868, I commencea a care- 
•ul analysis of the water of Lake Leman at Geneva, and had 
bund a general accordance with the published statements of 
composition ; but the special search for coloring matter, was 
>revented by the inopportune recurrence of rain, and subse- 
][uent disappointment at a point on the Rhone above the lake. 

Since that time this water has been analyzed by distinguished 
chemists, such as Will, Dafour, and Blancne, whose results only 
ihow the presence of more salts in number in the solid matter, 
ind the slight variations in proportions which we should expect 
v^ould occur, under variations of volume and temperature, in 
lie water at diSerent seasons. 

These analyses, I learned, were made in the usual way of 
evaporating the water for the solid products, and driving off and 
x>llecting tne gases, a method which enables us to answer many 
(questions, but does not permit the nicer determinations of or- 
ganic bodies, if present, in a natural or an altered state. Anal- 
ysis so conducted would not allow us to answer the question 
in relation to the cause of color, unless it could be traced to 
some known or unknown fixed compound. Nor would such 
an analysis determine the weight accurately of the whole amount 
of matter, naturally dissolved in the water, as it is easy to prove 
diat a loss of matter takes place during the evaporation, even if 
conducted at a moderate temperature — the great point of state 
of hydration of the organic salts, and to some extent that of the 
saline matter, is ignored entirelv when we proceed in this way 
to determine the quantity and kind of constituents. 
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Nearly all waters contain living organisms, and their germs, 
these matters, in a decomposing state, organic acids, either with 
or without bases, in the form of salts, most easily changed by 
heat or even by concentration. These substances are very im- 
portant constituents, in connection with the uses of the water, 
and I could offer many illustrations of damage in manu&ctur- 
ing and unfitness for consumption, traceable directly to the pres- 
ence of such bodies in waters otherwise desirable, and proper for 
extended consumption. 

The mode adopted in my examination of the water of Lake 
Leman is that which I have usefully applied in a laive number 
of cases, and with modifications, it is applicable to aU waters, in 
connection with other well known steps of analysis. 

A large volume of the water of Lake Leman was mixed with 
a small portion of a diluted solution of sub-acetate of lead 
quickly and uniformly diSused. Another portion was treated 
in the same way, with a water solution of pure soap— both pre- 
cipitates slowly formed, were collected in a moist state, sub- 
sequently examined by the microscope, and were found to con- 
tain only the ordinary constituents oif white waters, when so 
treated. 

The negative results of these trials in this connection, were 
sufiicient to prove the absence of all coloring or colored bodies 
in this water — the strong attraction of the basic salt of lead for 
all coloring matter is well known — its power of removing col- 
ored infusoria is equally great The calcareous soap product 
formed from the test removes all suspended matter, and permits 
us to detect organic forms with ease and certainty, after the fat- 
ty matters arc dissolved on a glass slide. 

It is obvious that in cases of complete analysis of waters, 
these })recipitates should be subsequently cliemically treated, 
and their state of hydration found, and engaged compounds sep- 
arated and weighed 

Chemical analysis, thus conducted, having thrown no light on 
the cause of color in this water, has proved the absence of col- 
oring substances, and placed it in the list of those waters, which 
do not exhibit the color seen in this lake ; we are, therefore, led 
to ascribe the origin of its peculiar tint to natural influences, 
namely, the reflection and refraction of an azure sky in a color- 
less water. 

The sky coloration of this part of Switzerland early engaged 
the observ^ation of Saussure, who even experimented on its depth 
of color, while retaining its blue tint All the conditions favor- 
ing almost constant blueness of sky, are present in this, and 
other parts of Switzerland in a marked degree, and I believe 
that extended observation will always connect the blue tint of 
white water with the deep azure hue of the clear sky above it 
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By carefully watching the influence of the light from the sky 
on the water of this lake, I observed here as elsewhere that 
depth of color and tint in the water were modified greatly, or 
even lost under varied light from the sky. As the sun declined 
the azure tint was replaced by a grayish hue, or a light gray 
color was the closing hue of a series of shades of color. If the 
dear sky became flecked with small cloud surfaces, the water 
responded in unequal coloration, as if the water mirrored the 
sky, under this condition of beauty. 

in other countries, there are bodies of colorless water which 
do not exhibit the coloration, commonly seen in Lake Leman 
water. Such localities are not &vorea with clear blue skies 
through atmospheric constitution, and bluish greenness of tmt 
is the nearest approach to azure hue, which the sky permits, 
accepting perhaps at rare moments. 

The n^ative results of chemical analysis, and the sufficiency 
of the effect of reflected and refracted light of the sky, which 
18 over the water of Lake Leman, led me to the conclusion that 
the cause of color is found in the peculiar hue of the sky, so 
transmitted to the eye by a colorless water. 

BoBtoD, Maas., December lOUi, 1869. 



Abt. XjXIV. — OorUribiUions to Chemistry from the Laboratory of 
the Laurrence Scientific School, No. IX. — On the Potassio- 
Cobaltic Nitrite known as Fischer's /Salt, and some analogous and 
related compounds; by Samuel P. Sadtlsr. 

Thb composition of the double nitrite of cobalt and 
potash^ known by the different names of " Fischer's Salt " and 
" Cobalt-yellow, has long been an open question. The follow- 
ing is a brief statement of the views advanced on the subject 
Fischer* the discoverer of the salt made no analyses of it St 
Bvref who rediscovered it gave as a formula for it K,ON204+ 
CroONjO^, but does not give the analytical data. Stromeyert 
subsequently showed the incorrectness of this view and wrote 
the formula Coae,, 2Nae8+8(KaeN8es)+2H,e. This formula 
is peculiar in making die atom ^o%^i combine with 2 atoms of 
Ns^s- We shall discuss the formula and results farther on. 
Enlmann§ first pointed out a distinction between the salt 
formed in neutral solutions and the salt formed in acid solutions, 
which latter he considers as a normal salt He gives both 

2€oe, 8Nae3+8(K2eN2e8)+8N,e, and €0,038X303+ 

8(K30Na03)+8H,0 

* Pogg. Ann., Ixxiif 477 and Ixxiv, 124. % -^-i^ ^ ^* ^^* '^ 21^8* 

t Jr. pr. (a^ 64, 84 and 68, 186. g Jr. pr. Oh., Izziii, 698. 
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or as we shall write it €oa6Ne8+ 6(KNe2) 4-8H,e. Braun* the 
last writer on the subject, passes most of the preceding work in 
review. He takes up Stromever's results, and reiecting his 
views as to the composition of the salt analysed by him, figures 
for it a number of ingenious but somewhat complicated form- 
ulas. He considers that neither the "neutral salt" nor the 
" acid salt" of Erdmann can be regarded as anything but mix- 
tures or " poly combinations," and for the first of them con- 
sidered as such h e g ives a still more ingenious and com- 
plicated formula. We quote it as reduced to its empirical 
form by Blomstrand rf Coa2K»NiuHao0464.:j: Braun's own results 
are expressed first by a formula containing both "GojO, and -GoO, 
then by one containing "GoaOj, -GoO, NjO, and N,Bb and finally 
by the following : 

8(€o,eft 8N,e3-f4K,e,4N,e3.f2H,e)+2(€o,e^H,e, 2N,e8+ 

KjO, NjOs-f 8H,e). 

The experiments made to settle its composition and the results 
obtained are as follows : St Evre ignitea the salt in a stream of 
nitrogen. Nitric oxyd was given off and the residue was a 
black oxyd, which on contact with HCl gave 01 and with 
•GjHjOi gave -GO,. This I cannot regard as conclusive, as 
mere igmtion per se will not break up the KNO^, so that the 
residue was not pure GojOj, ; moreover the NjO, in breaking up 
may have given an atom of O to form the GojOj. Stromeyer 
found that NaHO and BaHjOj decompose it on gentle warming, 
even with exclusion of air, separating the brown hydrated 
•GoaOj which dissolves in €,64 Oj with a brown, and in 
£J8H204 with a green color. This observation is of undoubted 
value. He says also that on mixing the neutral solutions, the 
precipitate is slow in forming, and forms by an absorption of 
O, as is shown by dipping the connecting tube under a cylinder 
of air or oxygen. Eromann confines himself to an examination 
of this last observation of Stromeyer's and finds that the 
" neutral salt " can be formed in an atmosphere of pure -GOf, 
and that therefore there can be no absorption of O in the case. 
Braun finds that KHO acts very little upon the salt, merely 
changing its color from yellow to a dirty yellowish-green. 
NaH0,BaHa02, CJaHjOa senarate at a boiling neat the brownish- 
black hydrated GojO^ This is confirmatory of Stromeyer^s 
observation. Carbonate of silver heated with water and 
Fischer's salt gave with separation of the hydrated -CosOa, 
crystals of what from Braun's description were probably 
AgNOj. KCy did not decompose it 

* Zeitsch. AnaL Ch., yii, 313. f Chemie der Jetztzeit, p. 414. 

t Should be 608. 
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My own experiments directed toward the solution of the 
question of €)oO or CJojOs weie as follows : I found Erdmann's 
observations as to the formation of the " neutral salt" in an 
atmosphere of -GO^ correct I added by means of a funnel 
tube a solution of KNOq boiled to expel the air, to a boiled 
solution of €)o Clf, placed at the bottom of a partially closed 
vessel, into which a strong stream of €0, had been passing for 
some time. The salt began nevertheless to form slowly. 
Wishing to sift the matter more thoroughly, I made a series of 
experiments in eudiometer tubes over mercury. Into a eudi- 
ometer tube filled with mercury and perfectlv free from air, I 
threw up a boiled solution of €oCl2 and then one of KNOj. 
The salt began to form soon at the juncture of the two liquids 
and then deposited steadily though slowly. After a number 
of hours not the slightest bubble of air was to be seen. The 
absence of all chance of oxydation here, either from air or 
excess of nitrous acid, shows conclusively the protoxyd nature 
of this "neutral salt" The "acid salt" was formed in the 
same manner — ^first a boiled solution of -GoClj, then acetic 
acid, and then a boUed [^NOj solution. A rapid evolution of 
gas ensues and the salt forms and falls in a layer on the top of 
&e mercurial column. In another instance a small crystal of 
€JoClj was sent up and then acetic acid and then KNOj. The 
formation of the salt was almost instantaneous and the evolu- 
tion of ^as exceedinglv rapid. Before drawing any conclusions 
from this, however, tne action of acetic acid on KNO^, out of 
access of air, was to' be studied. Gmelin* states that, when 
treated with acid out of access of air, nitric oxyd is evolved 
while the liquid takes up NO2 and 1^%^^ This evolution was 
found to take place readily over the mercury and the gas 
answered to the test of ferrous sulphate and was colored red 
on admission of air, like the gas evolved in the formation of 
the salt The question now is whether the liberated O is taken 
up in the formation of the salt to oxydize the €oO, to convert 
the excess of nitrite into nitrate. The question cannot be 
definitely settled, until we have some delicate test for a small 
quantity of nitrate in the presence of a large quantity of 
nitrite. But there is one thing which I regard as significant 
Erdmann made one of his preparations of the " acid salt," by 
filtering the mixture of neutral solutions into pure acetic acia. 
Now the greater the excess of acid, the quicker would be the 
conversion of nitrite into nitrate, and we should look for a very 
small amount of the double nitrite salt Yet it formed as 
readily, and analysis proved it to possess the same constitution 
as the other preparations The inference from this is, that the 

♦ Cav. Soc. ed. vol ii, p. 382. 
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sesquiox^d-forming power of the €k> is sufficient to enable it 
to take liberated oxygen. 

Becourse was now had to analysis as a means of determin- 
ing the question. Six distinct preparations of the salt in all 
were made and analyzed. In prepanng the salt, the distinction 
made by Erdmann in regard to the formation of different com- 
pounds in neutral and acid solutions, was recomized and the 
salt was invariably formed in a solution, stronjrfy acidified by 
acetic acid in the beginning, and kept so untS the end by the 
addition of acid, if necessary. The salt of cobalt used was 
the chlorid, and, in all but the first two preparations, the solu- 
tion was boiled to expel air and made acid. A strong solution of 
KNO, was then adaed and the mixture was left to stand: 6 
to 12 hours generally proved sufficient, and it was then filtered 
and washed, according to Erdmann's direction, with a solution 
of potassic acetate of about 10 per cent which was displaced 
by 80 per cent alcohol. The salt was then dried, first over the 
water-bath and then in a water-oven exactly at 100®. I saw no 
evidence of a decomposition at this temperature alluded to bj 
Erdmann. 

The results of fall analyses of these six preparations warrant 
me I think in presenting the following conclusions : — 

1st That Fischers salt is a Tri-potassiC'CobaUic-Nitrite, its es- 
sential formula being -eOjO^SN^Oj-l-SCKjO, N,0,)-i-Aq, or • 
€o,6Ne,-|-6(KNe,)-|-Aq. 

2nd. That it can be formed with 4E[,e, SH.O, 2H,e,H,e, 
or anhydrous, according to the degree of concentration of the 
solutions used, passing in color from a light yellow to a dark 
greenish-yellow. 

8rd. That in consequence of such dependence, we can, in 
in most preparations, fix no absolute pomt, but are liable to 
have a mixture of salts of different degrees of hydration. 

The analytical methods used in the analyses of the salt were 
the following : — 

The €0 was determined first together with the K, as a double 
sulphate having the invariable constitution €0, K^590^. 
This sulphate has a distinct fusing-point, and affords an accu- 
rate means of determination. It wul be discussed fisirth^ oa 
This is then dissolved, the solution made ammoniacal and 
brought to boiling, when the €0 is thrown down as -CoS, This 
is roasted and, after treatment with aqua regia and sulphuiic 
acid, is weighed as neutral €)oSO.. Or the -Go was l^wn 
down from the solution of the double sulphates as peroxyd bj 
acetate of soda and chlorine, and then reduced by hydrogen to 
the metallic state. 

The potash is then determined by difference. 
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1 was determined, either together with the H,0 
iification of Bunsen's method, which will be again 
directly by volume with the Sprengel-pump. 
ther as above, or by combustion with -Gu in a 

r 

5al data and results are appended. 

Preparation No, 1. 

ave -1732 gr. €o^KQ5Se^=U'1o p.c. CoO+KjO 
so -0666 gr. €oSe4=16-78 p.c. €00=17-47 p.c. 

ave -1403 gr. €02Ke5Se4=44-83 p.c. €oe+KjO 
80 -0629 gr. €oi^4=15-74 p.c. €00=17*42 p. c. 

fl 
• 

ive 112*7 cc. nitrogen at 15*25^ and 483*2 mm. pres. 
p. c. Nz=44'95 p. c. NjOg. . 

ive 167*6 cc. nitrogen at 15*25 and 601*6 mm. pres. 
p.c. N=i46*48 p.c. NjOj. 
jave -0793 gr. H2O=7*00 p.c. H^O. 
*0937 " " 6*98 " " 

Preparation No. 2. 

ive *0955 gr. €02X55804=45*86 p.c. €oO+K,0 
80 -0408 gr. €oS04=16*16 p.c. €00=17*88 p.c. 

ive 1074 gr. €02X35^04=45*66 p.c. €oO+KaO 
so -0455 gr. €080^=15*96 p.c €oO=l7*66 p.c. 

ave 102*83 cc. nitrogen at 18*25^ and 462*6 mm. 

.7*57 p.c. N.=47*70 p. c. NjOg. 

ive 

•0346 gr. Il20=5*46 p. o. HjO. 

•0296 gr. H20=5*39 p.c H^O. 

Preparation No, 3. 

i\e -5682 gr. €03X55804=47*50 p. c. €oO+K-0 
JO ^0797 gr. €o=12-82 p. c. €o=18-04 p. c Oo-O.. 
ive 5349 gr. €03X55804=47-60 p.c. €oO+fc.e 
K) -0740 gr. €0=1 2-68 p. c. €o=17*83 p. c. £OjA^. 
ive 4088 gr. €o,Xe5804=47-71 p.c. €oO+BLO 
JO *0574 gr. €0=1 2*39 p. c. €o=18*14 p. c €o^O,. 
ive -5329 gr. €02X55804=47*77 p. c OoO+KaO 
JO -0735 gr. €o=12*68 p. c. €o=17*83 p. c €0303. 
r. salt, combustion-tube lost '3616 gr., of which 
ibe took up *0710 gr.=4*27 p. c HjO leaving *2906 
7 p. c. N.=47*42 p. c. NjO,^. 
r, salt, corabustion-tube lost *3302 gr,, of which 
ibe took up 0610 gr.=403 p.c HjO leaving -2692 
p. c. X.=48*32 p. c. N2O3. 
iBCOND Sbrieb, Vol. XLIX, No. 146.— Mabch, 187a 
]3 
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Preparation No. 4. 

6677 gr. salt gave 6073 gr. €o2Ke59e4=47-26 p. c C?oe+K,e 

fave also •2268 gr. €JoS04=16*36 p.c -GoG^lS-ll p.c 
Jo-Og. 
•3690 gr. salt gave 3264 gr. Go^K^bSB^^i^l^i p. c. daO+KjO 
gave iSso -1226 gr. €oS04=16-52 p.c €o©=18-29 p.c. 
€0263. 
With 1*1138 gr. salt, combustion-tube lost '2461 gr., of which 
€a£;i2 tube took up *0439=:3*04 p. a H^O leaving *2022 gr. 
=18*16 p.c. N.=49-27 p. c. N-Og. 
With 1*2494 gr. salt, combustion-tube lost "2674 gr., of which 
t/a€l2 tube took up •0407=8*26 p. c H,0, leaving "2267 gr. 
= 18*14 p. c. N.=49*26 p. c. NaOg. 
With 1*1687 gr. salt, combustion-tube lost •2633 gr., of which 
-Gad, tube took up *0432=3*73 p. a H^O leaving ^2101 gr. 
=18*13 p. c. N.=49*20 p. c. NjOg. 

Preparation No. 5, 

•2896 gr. salt gave •2633 gr. €oaKg6Se. =47-26 p. c. doO-f K^O 

gave also '0382 €o=13-20 p. c. €o=18'66 p. c €o,03. 
•3993 gr. salt gave 3644 ffr. €OaKg6SO^=47-42 p. c. €oO+K,0 

gave also -0631 •eo=13*30 p.c. -€0=18*70 p.c CojOg. 
•6747 gr. salt gave *6243 gr. €oaKe69e^ =47*40 p. c. CoO+K.O 
gave also *0769 gr. €o=13'38 p. c. •eo=18*82 p. a CoaO,. 
•6969 gr. salt gave *6443 gr. €o2Ke5S04=47*46 p. c. €oO+K,0 
gave also *0768 gr. €Jo=12*89 p. c. €o=18"14 p. c. 60g0,. 
With 1*2667 gr. salt, combustion-tube lost '2758 gr., of which 
•GaClg tube took up •0459=3*66 p. c. H,0 leaving -2299 gr. 
=18*31 p. c. N.=49*69 p.c N^Og. 
With 1*1464 gr. salt, combustion-tube lost '2566 gr., of which 
€a6l2 tube took up •0479=4*18 p. c. H,0 leaving -2077 gr. 
=18*12 p. c. N.=49*18 p. 0. N,e,. 

Preparation No, 6. 

•8154 gr. salt gave ^7644 gr. €o2Ke6&e4=48*71 p. c. CoO+KgO 
gave also •2823 gr. €JoB04=16*76 p.c. t5oO=18*64 p.c 
tJoaOj. 

•6463 gr. salt gave ^5110 gr. £)0aKg5SO^=48'69 p. c. CJoO-f K,e 

fave also •1886 gr. 6oBO^=16*73 p.c. €oO=18*51 p.c. 
Jo.Og. 
*6806 gr. salt gave -6373 gr. €o2Ke6fK)4=48*66 p. a €oO-f KgO 
gave also ^2358 gr. €oSO^=16^77 p.o. •eoO=18-66 p.c. 
"GOgOg. 
•3712 gr. salt gave -3480 gr. €02X^690^=48-71 p. a doO+KgO 
gave^ ^1297 gr. €o&O4=16^90 p. a €oO=18-7l p.c 
€0,0,. 
With 1*6460 gr. salt, combustion-tube lost *3033 gr«, of whidi 
€a€la tube took up *0116=0*76 p. c. H,0 leaving -2917 gr. 
=18^87 p. c. N=61-21 p. c. N^Og. 
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Prep. No. 1. 
€o,6Ne,-|-6(KNe,)-|-4H,e. 

TtafMf . p. eti. Found p. eti. 

CJo^e.- 17-00 17-46 

K.O— 28*D4 29-00 

N.e.— 46-69 46-21 

H,e— 7-37 6-99 

Prep. No. 8. 
-eo,6NO, +6(KNe,)+2H,e. 

TlMor. p. eti. Found p. eli. 

€o,e,— 17-65 

KJ»— 80-04 

N,e.— 48-48 

Ha 4— 3-83 



17-96 
31-41* 
47-87 
4-16 



Prep, No. 2. 
£)oa6Nej+6(KNe,)+8H,e. 

Theor. p. cU. Found p. eta. 

17-82 , 17-77 

29-48 29-70 

47-67 47-22 

6*63 5-43 

Prep. No. 4 a/nd 6. 
€oj,6Ne,+6(KNe2)+8Hae. 

Theor. p. cU. 

17-99 

80-63 

49*43 

1-96 



Found p. cU. 

18-20 18-66 

30-81 80-61 

49-24 49-43 

3-64t 8-92t 



Prep. No. 6. 



€o,6Nea+6(BaTe,). 

Theor. p. eli. Fonnd p. eli. 

Co^e,— 18-86 18-68 

K.e— 81-24 81-90 

N-e,— 60-41 61-21 

H,e— 0-— 0-76 

It will be seen that, while the general coincidence is well sus- 
tained, there are several decided deviationa We can only call 
attention to certain fEUSts in explanation 1st. We probably have 
in some of these preparations, mixtures of the salts of different 
d^rees of hydration. 2nd. The salt cannot be purified by 
re-crystallization. 3rd. The acetate of potash with which the 
salt 18 first washed is, as 'RoaeX remarks, only removed with diffi- 
culty by the alcohoL 

^▼ing formed fix>m these analytical results our conclusions, 
let US see if we can find any connrmation of them fix>m other 
souicea. Lang! states that although the corresponding soda 
and ammonia salts were probably tormed, yet they comd not 
be obtained on account of their solubility. By using a strong 
NaNO) solution, 1 1 succeeded in obtaining the new soda com- 

^ Aoftate of potash probably not all washed out bj aloohoL 

Uimaoootintably high. 

Anal Oh. sechste auflage, Zweiter Band, p. 128. 

Jr. pr. Oh., Izxzrii, 303. 

Tbe KN6« and NaN9« solutions used in this work were prepared as follows : 1 
part of nhre and 2 puts of lead were fused together after Stromejer's well-known 
oMthod. After the complete oxidation of the lead, the residue was boiled several 
timaf with water. The solution was then filtered to remove the undissdved lith- 
aig0. Into the filtrate which contained more or less free alkali, the red gas evolved 
fhm nitric add and sawdust was passed until a neutral reaction was obtained This 
red gas^ however, does not consist of the oxyds of nitrogen alone ; it also oonUdni 
some cartKnic ackL This throws down as carbonate of lead, the litharge whidi 
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pounds, which I am about to describe. To a solution of CoCl^ 
which bad been boiled and then acidified with acetic acid I 
added an excess of NaNO, solution. The mixture instantly 
became of a dark color and a yellowish-brown salt b^an to 
form, with brisk evolution of nitric oxyd. After some hours, 
when the evolution of gas was progressing but slowly, I added 
some more of the NaNO, solution, testing also to assure myself 
that the solution was acid, and in a litUe while the solution 
began to assume a vellowish color, and I found a dear yellow 
salt depositing. This led to the conjecture that there were two 
distinct soda salts. I accordingly sought to obtain thiem dis- 
tinct for analysis. This I found to be difficult The brown 
salt I readily got almost pure, but succeeded only partially in 
obtaining the yellow one distinct The brown salt continues to 
form, to a greater or less extent, even aftier the formation of the 
yellow one has begun. The preparations were all washed with 
acetate of soda, which was displaced with alcohoL Prom analy- 
ses of them, and from other and subsequent results, I am led to 
consider them as salts analogous to Fischer's salt and differing 
from each other in the number of atoms of NaNO, in combina- 
tion with the "Goa6NO||. The brown salt I would call a di-socHo- 
cobaltic-nitnte, and the yellow one a tri-sodio-cobcUtic-nitritej gi?- 
ing them respectively the formulas : 

€0;j6Nea+4(NaN02)+H2e. And €o,6Xe, + 6(NaNe,)+H2e 
The following are the analytical results : 

Brown Salt 1st Preparation. 

•5400 gr. salt gave '4Qie gr. €ojNa44Se4=39-94 p. c. €oO+Na,0 
also gave 2374 gr. €oSO^=21-2'r p.c. €oO=23-64 p.c. 
€o«03. 

•5866 gr. salt gave '5041 gr. €0aNa44S04=s39^64 p. a €oO+Na,0 
also gave -2615 gr. €oSO^=21-67 p. c. €oO=23-87 p.c. 

Brown Salt 2nd Preparation, 

•5602 gr. salt gave -4806 gr. €02Na44SO4=39-57 p. a €oO+Naj0 
also ffave 2425 gr. €Jo<^O^=20^95 p.c €JoO=23-18 p.c 

X>'02^3. 

•4671 gr. salt gave 4027 gr. ^^o^^Sk^ABO^^Sd'll p. c. CJoO+KajO 

also gave ^2026 gr. €o&O4=20-99 p. C •eo0=23^23 p.c 

€0,03. 

With 1^7054 gr. salt, combustion-tube lost '4476 ct., of whidi 

€a€lj tube took up -1166 gr.=6^78 p. c. Hj0 leaving -2920 

gr.=:17-12 p.c. N.=46-47 p. c N^Og. 

had gone into solution. It is now filtered p.nd the filtrate evaporated to an ofly ood- 
sistency, when the saltpetre in it wiU almost aU crTstallize out We filter it again 
and if we wish it stUl purer we can give it the treatment with aloohd described bj 
Hampe (Ann. Ch. u. Ph., 125, 335). This &eea it completely from aaltpetre and 
concentrates it 
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With 1'8558 gr. salt, combustion-tube lost -4476 gr., of which 
CJaClg tube took up •1216i=6-65 p. c. H2O leaving -3260 gr. 
=17-56 p. c. N.=47-67 p. c NjOg, 

Yellow SalL 1st Preparation. 

•6342 gr. salt gave -5448 gr. Co^NagSSO^ =39*22 p. c. CoO+Na^O 

the €0 detennination was lost. 
•5805 gr. salt gave -4994 gr. €oaNa65S04=39-28 p. c. ^oO + Na^O 
also gave -2431 gr. €o&04=18-55 p.c. €oO=20-63 p.c. 
CJojO,. 

Yellow Salt 2nd Preparation. 

•4197 gr. salt gave -3700 gr. €o3Nae5SO4=40-25 p. c. CoO+NagO 

also cave -1723 gr. €oS04=19-86 p.c. €oO=2l-98 p.c. 

■Go-Og. 
•4873 gr. salt gave -4291 gr. -GoaNagSSe^ =40*20 p. c. ^oO + Na^O 

also gave -2012 gr. €oS04=19-98 p.c. €oO=:22-ll p.c. 

€0^0,. 

Yellow SaU. Srd Preparaiion. 

•8554 gr. salt gave -7354 gr. ^o^Na- 5^0^ =39-25 p. c. GoO+NaaO 
also gave -3543 gr. €oSe4=20-04 €oO=22-18 p.c. 
€0,03. 

€o26Ne2-f4(NaNe2)+HjjO. €0jj6Nea+6(NaNe2)+H2^- 

Theor. p. cU. Foond p. eta. Theor. p. eto. Found p. cts. 

OoaOj— 24-13 23-71 23*21 20*10 20*53 22*04 22 18 

NaaO— 1802 18*37 18*70 22-52 20*70 20*31 19*21 

N, 03—55*23 47-07 (?)* 55*20 [20-54] 

HjO- 2*62 6*66 (?)• 2-18 

Some error connected with the €Ja€Jl2 tube which I am 
entirely unable to account for has here caused an error. It 
"Will be observed that in each case the total loss of the com- 
bustion-tube is very nearly what the theor. per cent of HjO+N 
Would demand, while the increase in the "Gai/l2 tube is out of 
all proportion. If we examine the results in the yellow salt, 
we see that all these preparations are more or less mixtures. 
The last preparation indeed might be put equally under the 
head of the 2-atom salt, the per cent in bracKct showing the 
per cent Na^O calculated on tlie other formula. We are fortu- 
nately, however, not dependant solely on these analyses for our 
evidences of the existence of these two salts. On account of 
their partial solubility, we are enabled to obtain substitution 
compounds from them, which throw very strong light on the 
composition of the alkali-cobaltic nitrites. In one case, after 
the formation and filtering off of some of the brown salt, chlo- 
rid of luteocobalt was added to the wine-colored filtrate, which 

^ The found per centages of N + H3O in the brown salt is the average of two 
determinations. 
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probably held some of both salts in solution. The strong 
tendency which luteocobalt possesses to fonn double salts 
su^ested to Dr. Gibbs that some results might be here obtained 
A oeautiful yellow crystalline salt formed and settled quite 
readily. I then prepared a considerable amount of it for anal- 
ysis. It proved to be as good as insoluble in oold water, so 
that its washing was an easy matter. Its analysis shows veiy 
clearly that it was formed m)m the tri-sodio-cobaltic nitrite, or 
yellow soda salt, which existed in the solution, and that one 
atom of luteocobalt exactly replaces the three of Na^O, giving 
it the formula : 

€oa, 6Nea+€oai2Nri„ eNOa+H^e. 

The following are the analytical residts : 

•5627"gr. salt gave -3471 gr. €o&e4=29-86 p. c. €oO=83•08p.^ 

■GooOj. 
•2867 gr. salt gave -1770 gr. €o&0^z=29-87 p. c. €oO=88-0«p.c 

€0^03. 
'6834 gr. salt gave 176*88 cc. nitrogen at 3^ and 661*20 mm. = 

32-79 p. c. N.=19-91 p. c NH, and 44-60 p. c N,0,. 
10866gr. salt gave with€u-|-€ue+PbCre4-3746 gr.=84-46p.c 

Hae=3209 p. c. from NH3+2-37 p. c H,e. 

€02, 6Ne,+€o,12NH„ 6Nea+HaO. 

TlMor. p. eta. romnd p. cts. 

CojOj 32*87 33-04 

NH 3- 20-20 19-91 

Nje^-.46-16 44-50 

HjO— 1-78 2-37 

I now tried chlorid of purpureo-cobalt upon some of the same 
solution and got a roseo-cobalt compound, exactly analogous 
to that of luteocobalt, its formula being — 

€o26NOjj+€oalONH3 6Ne2+Hje. 

The following were the analytical results : 

•8186 gr. salt gave -1974 gr. €oSe4=29-98 p. a €oe=3318p.c- 
€0,0,. 

€ojj, 6Ne3+€o2lONH3, 6Nej+H,e. 

Theor. p. ct. Found p. et 

-00203—34-02 83-18 

This salt is not nearly as insoluble, however, as the luteocoWt 
salt and but a little of it could be obtained. At first I got it m 
a yellow and very crystalline salt on the sides of the beaker, after 
standing some little time. The crystals examined under the 
microscope were beautifully defined monoclinic prisms with 
terminal planes. The portion I analyzed had more of the color 
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of the salts of roseo-cobalt and showed under the microscope a 
star-shaped aggregation of small crystals. 

I also fom^ in the soda-salt solution a yellowish xantho- 
oobalt compound having probably an analogous constitution 
but did not set enough of it to analyze. Examined under the 
microscope, me crystals were seen to be of a peculiar cup-shaped 
•ppeaian^and qiite large and pointed. ^ ^ 

The ammonium salts were next examined. That one at least 
existed had been found by Gibbs and Gentb,* although it had 
not been analyzed by them. Erdmannf bad, however, formed an 
ammonium salt exactly corresponding to Fischer's salt I suc- 
ceeded in forming this and another, the two exactly correspond- 
ing in constitution to the two soda salts. The circumstances un- 
der which the different salts form I am not able, however, to state 
at all positively, except that in forming the 3-atom salt I had 
more concentrated CJoCla and NH4NO3 solutions. They are 
both bright yellow and could not be distinguished by their color. 
We may term them the di-ammonw-cobaUic nitrite and the tri- 
ammonio-cobaUic nitrite^ their formulas being respectively 

€oa6Nea+4(NH^Nea)+2H,e 
and €o,6Ne,+6(NH^Nea)+2H,e. 

The following were the analytical results : 

Two-atom SalL 

•4495 gr. salt gave -2022 gr. €oSe^=2l-77 p.c. €00=2409 p.o. 
"GojOj. 

Three-atom SdU. 

•2992 gr. salt gave -1146 gr. €oSe^=18-68 p.c. €oe=20-51 p.c, 

"Go-Oj. 
•4169 gr. salt gave •1602 gr. ■Go&04=18-69 p. c. €oO=20-68 p. a 

€0,0.. 
€oa6Ne, +4(NH^Ne2)+2Hae. €oa6Ne2+6(NH^Nej)+2H2e. 

TbMT.pr. et. round pr. ct. Theor. pr. et. round pr. et. 

-GOjOj— 24-20 24-09 20-39 2056 

Lang is more nearly right in the case of these ammonia com- 
pounds than in regard to the soda salts, they being much more 
solubla I was unable, however, to obtain any substitution 
compounds. With this additional light we are now prepared 
to draw some conclusions. We find that our luteocobalt and 
roseocobalt compounds are exactly analogous to the cobalti- 
cyanids of luteocobalt and roseocobalt formed by Gibbs and 
Genth,:^ the only difference being that the monatomic radical 
NO, here replaces the monatomic radical Cy. This I think 

^ ReaearcheB on Ammonia cobalt bases, p. 48. f Jour. Pr. Ch., xovii, 406. 

X Beaearcbee on Ammonia cobalt bases, pp. 40, and 18. 
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gives us a very strong argument in fiivor of the exact analogy 
of the 8-atom soda salt and with it of Fischer*s salt, to the 
cobalticyanid of potassium, fix)m which the salts of Gibbs and 
Genth were formed. With this view of these salts, we are able 
to discern yet other analogies. Iridium forms a number of ses- 
quioxyd salts very similar to those of cobalt We have, indeed, 
two double chlorids of iridium, exactly analogous to the 2-atom 
and 3-atom soda or anunonia salts. Their fortnulas are 

IraCl6+4KCl and IrjCle+6KCl 

in which we should expect monatomic CI to be exactly replace- 
able by monatomic NO , and so we find that it is. Dt. Gribbs 
has discovered an iridium salt, having the formula 

Ir26N02+6(KNea)+2Hae, 
an exact analogue of Fischer's salt Lang* also has discovered 
a rhodium salt, whose formula fth^eNOj+^C^^^a) is precisely 
analogous. If we place together for a moment the thiee salts 
in question, their identity of constitution becomes apparent 

Ir^Og, 3N2e3+3(K,e, NjOg) or Irj^eNOj+eCKNea)— Giblw. 
RhjO,, 3X303 + 3(K2e, NjOg) or fihj6NOj + 6(K:N'Oa)— Lang. 
€o20», 3Na084-3(K80, N Oj) or €o96NOa+6(KN08)— Sadtler. 

If, therefore, we are to place any dependence at all upon analogyi 
the universal occurrence of the hexatomic Ooj atom in all our 
compounds, is what we should expect, a priori. The analyses 
of tne series of salts I think fiilly confirms this expectation- 

I have now to discuss some related compounds — those formed 
in neutral solutions. Erdmann first pointed out the distinction 
between these and the normal Fischer's salt He obtained and 
analyzed a yellow " neutral salt" I obtained one corresponding 
to this, and one of a dilferent ratio. By adding a somewhat 
dilute solution of KNOg to a warm solution of OoClj, I obtained 
a highly crystalline precipitate, which was shortly followed bj 
a somewhat crystalline greenish salt, which was again followed 
after some time by a yellowish precipitate, with little or no crys- 
talline character. I'he appearances were indicative of the 
successive formation of three protoxyd compounds. This how- 
ever, I found was not the case. The blaclc precipitate under 
the microscope was seen to consist of beautifully defined cubes 
of a very dark green color, and the green precipitate was seen 
to consist of similar cubes, though much smaller. Analysis 
afterward proved them to be the same salt in different states 
of aggregation. On adding a warm concentrated solution of 
KNOg, however, to a warm concentrated solution of €JoClj 
nothing is formed but a flocculent yellow precipitate, which ap- 
pears to be the same as that which I formed over mercury in the 
eudiometer tube. The formulas of these salts appear to be as 

♦ Royal Swedish Acad. Trans., 1864. 
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follows. For the black or green salt 2(602X02) + 2(KNe2) + HjO 
and for the yeUow salt €o2Ne2+2(KNej)+H2e, and the first 
may be termed a potassiO'diccbalUms nitrite and the second a 
. poiassio-mono-cobalious nitrite. Appended are the analytical 
results. 

Prep, No. 1. — Black Salt, very crystalline. 

•6421 gr. salt gave -6421 gr. €ojKj3SO^=60-43 p.c. ^JoO+KjO 
also gave -8426 gr. •GoSO.=30'67 p. c. €!oO. 

•7341 gr. salt gave -7361 gr. €oaK23SO^=60-67 p.c. eoO+KjO 
also gave -4662 gr. €oSO^ =30-73 p. c. €oO. 

Prep. No. 2. — Ghreen Salt (had not been washed for analysis. 

•8003 gr. salt gave -3068 gr. €o2K23Se4=51-44 p.c. CoO+KjO 
also gave •1846 gr. €oS04=29-74 p. c. €oO. 

•8221 gr. salt gave -8286 gr. €03Ka3SO4=61-45 p.c. €oO-fKaO 
also gave -1971 gr. £JoS04=29-61 p. c. €oO. 

Prep. No. 3. — Black and Qreen Salts mixed, very crystallina 

•6942 gr. salt gave -6978 gr. ^OjK 3SO*=50-70 p. c. eoO+gKO 
also gave '4410 gr. €oSO4=r:30-74 p. c. -GoO. 

•4713 gr. salt gave -4730 gr. €o8K.^3SO4=50-62 p.c. ^oOzzKjO 
also gave -3004 gr. €oSO4z=30-84 p. c. €oO. 

jFVep. No. 1. — Yellow Salt 

•2702 gr. salt gave -2631 gr. €oK22&e4=60 06 p. c. Coe+KaO 
also gave 1236 gr. £JoS04=22-12 p. c. €oO. 

•4616 gr. salt gave -4497 gr. €oK22Se4=6008 p. c. CoO+KaO 
also gave -2108 gr. €JoSO4=22-06 p. c. €oO. 

2(€o2Ne2)+2(KNe2)+H2e. €o2Ne2+2(KNe2)+Hae 



Tlieor. p. ett. 


Found p. e. cts. 


Tbeor. p. cts. 


Found p. cts. 


eoO— 30-60 


80-66 29-67 30-79 


2211 


22-08 


K,e— 19-22 


19-86 2P78 19-87 


27-77 


27-09 


N4e,-.46-61 




44-80 




H,e— 3-67 




6-31 





In looking over the analytical data of these analyses of pro- 
toxyd salts, we notice a striking similarity between the weights 
of salt taken and weights of double sulphates obtained The 
explanation is very simple, and yet I believe there is involved 
in it a fiact of importance. Tlie similarity of weighte is due 
to the similarity of atomic weights of N2O3 and SO3 (7G and 
80) with which the bases are combined. Now in none of the 
very many determinations made in the " acid salts," do we find 
such a similarity. On the contrary we find the weight of double 
?ulphates to be invariably less than the weight of salt t^iken and 
^ a fixed ratio. The explanation of this is that "G02O83N2O8 by 
%estion with H2SO is converted into two atoms of neutral 
€o90< and becomes 2(€oS04). 2€oO, 2N2O8 simply assumes 
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SOs instead of NjO, and becomes likewise 2(€JoS04). The 
first loses and atom of NO2 which the second does not We 
have here a strong evidence of the totally different habitus of 
the €0 atom in the " neutral " and in the " acid " salts. 

Having now made a complete statement of all mv analytical 
results in the case of Fischer's salt proper, as well as in this 
series of analogous and related compounds, which I have 
described in this connection, and noticed the conclusions to be 
drawn from them, before summing up my aigument, I will 
examine how the results of Stromeyer, Erdmaim and Braun 
compare with my own. In the first case I think the last argu- 
ment drawn from the similarity of weights of double nitrite and 
double sulphate in the protoxyd salts and the difference of 
weights of double nitrite and double sulphate in the sesquioxyd 
salts, effectually precludes our assigning a formula like that of 
Stromeyer, in which 2(N,08) combmes with 6o«Ot, to the nor- 
mal Fischer s salt The salt Stromeyer analyzed was probably 
a mixture of " acid " and " neutral " salts, as he speaks of adding 
"a little acetic acid." It is easily seen that a mixture of the 
" acid salt '' and the yellow " neutral salt " woidd give figures 
approximating to hi& Erdmann's results correspond in the 
main to the analysis of my second preparation. The only differ- 
ence then is that I have introduced a generalization, which I 
think my figures fully justify. With Braun's results, I am 
hardly able to make a comparison, as he made his preparation 
in a manner totally different fix)m that followed by either Erd- 
mann or myself His formulas, as might be inferred from my 
statement of them in the beginning of this paper, I am still less 
able to accept 

To sum up briefly, the reasons for regarding Fischer's salt as 
a potassio-cobaltic nitrite, having the essential formula 

€o26Nea+6(KNe )+aq. are— 

1st The liberation of O at the moment of its formation and 
the rapidity with which, under these circumstances, the salt 
forms, would seem to justify the assumption. 

2nd. The analyses of six distinct preparations sustain it 

3rd. The existence of corresponding sodic and anmionic salts 
is proved by analysis. 

4th. The formation of substitution compounds exactly analo- 
gous to well known salts is proved by analysia 

5th. The analogy of Fischer's salt to double cyanids, chlorids 
and nitrites proved to contain a similar hexatomic atom. 

6th. The oifference of ratio between the weights in the pro- 
toxyd and sesquioxyd salts is marked and constant throughout 

Accepting these proofs, we will sum up with equal brevity 
the formulas of the salts analyzed on this view : — 
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Tri-potassia-cobaltio nitrite, •eo8dN02-+-6(KN02)+aq. 

Di-sodi<M5obaltic nitrite, CojeNOa-f 4(NaNea)-f-H2e. 

TrUodio-cobaltic nitrite, €o36Ner+-6(NaNe,)+Hae. 

Di-ammonioK^obaltic nitrite, €o86NOa+4(NH4Nea)-f2H20. 

Tri-ammonio-cobaltic nitrite, €oa6Nea+6(NH4Nea)+2H80. 

LnteocobaltioK^obaltic nitrite, €oa6Nea+€oal2NH8, ONOa+HaO. 
Roseocobaltio-cobaltic nitrite, -eoaeNOj+CoalONHa, ONOa+HaO. 
XanthocobaltioK^obaltic nitrite, 

Potassio-dicobaltous nitrite, 2(€o2Nea)+2(KNea)+HaO. 

Potasmo-monocobaltous nitrite, 6oaN03-|-2(ENOa)+HaO. 

These it will be seen are capable of ready conversion into atomic 
formulas, thus: €Jo,^»[K(NOa)a]6 and £roa^*[(Na(NOa)a)a (N0i)4] 
and so on. 

In the course of my examination of these salts, I had an 
opportunity of comparmg the relative merits of the different 
analytical methods employed. A brief statement in regard to 
them may be of some vaiua 

1st Determination of -Go and El The double sulphate 
method already alluded to, was first proposed by Gibbs and 
Gtenth,* and I find it to give extremely close results. Sul- 
phuric acid is added to the weighed portion of the salt in a 
porcelain crucible, which is then heated carefully, either by a 
ring gas burner fix)m above, or by radiation while supported in 
a sneet-iron crucible. After the nitrous acid is all driven off 
with most of the excess of sulphuric acid, the sulphates begin 
to fiise and as the last trace of sulphuric acid goes off, they 
pass into calm fusion. They will then bear a very consid- 
erable increase of heat without &rther decomposition. I 
found this method capable of extension to both the soda salts, 
as well as to the protoxyd salts, the double sulphates formed 
having of course a constitution depending upon the proportion 
of the bases in the original salts. The s^ia sulphates aid not 
appear, however, to possess as perfect a fusibility as the double 
potash sulphate fix)m Fischer s salt, while the double sulphates 
from the protoxyd potash salts were also less fusible, in propor- 
tion to their greater ratio of €o. I give an instance in proof 
of the accuracy of this method. Four determinations of 
€oO-|-KaO were made inpreparation No. 6 of Fischer^s salt in 
the manner described. Tne percentages of double oxyds were 
48-71, 48-69, 48-66, 48-71. This method was tried bv Gauhef 
without obtaining good results. Several points are to be noticed 
however. The salt in which Gauhe sought to verify the compo- 
sition of the double sulphate was plaimy a mixture of "acid" 
and " neutral " salt He says, " after some days small amounts 
deposited." This was before Erdmann's paper had appeared. 

* BesearcheB on Ainmonia cobalt bases, p. 49. 
f Zeitsoh. Anal Ch., iv, p. 66. 
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Again, Gauhe will find that Gibbs and Genth never even men- 
tioned the use of (NH4)a€0, in this connection, so that his ex- 
periments were plainly made under different conditions from 
those proposed. 

2d. Determination of -Go. I prefer to determine €Jo as neutral 
€0^64. We have the advantage here of determining the 
•Go in the form of a compound of higher atomic weight, thus 
lessening our errors of analysis. The cobalt is precipitated from 
the solution of the double sulphates as €oS, wasned with hot sul- 
phid of ammonium water, dned and roasted and then converted 
into sulphate with the aid of aqua regia and sulphuric acid. The 
results are good, although not so exact as in the case of the ftisi- 
ble double sulphatea I also determined €0 as metal by H after 
its precipitation as hvdrated oxyd by CI and acetate of soda, 
a method proposed by Popp.* Instead of CI I found it far 
more convenient in practice to use a strong solution of CljO|, 
which is a powerful oxydizing agent, and as it can be kept, 
becomes a useful laboratory reagent This method, however, 
does not always give good results, on account of the difficulty of 
washing the hydrated C02O8 till free from alkali 

3d. Determmation of the N. This was done, first by the 
modification of Bunsen'sf method proposed by Dr. W. Gibbs,| 
which space will not permit me to give in detail The reader 
is therefore referred to the original paper. Suffice it to say, that 
for nitrates and nitrites to which it is applicable, it is an excel- 
lent method. The loss of the combustion-tube can be nothing 
but N and H2O. If, therefore, the -GaClj tube retains the HjO 
accurately, the remainder is N. Whether, therefore, the HjO is 
accurate, or high from hygroscopic moisture, the nitrogen must 
be accurate, being subject to no source of error. 

The nitrogen was also determined by volume, using the Spren- 
gel-pump. This method was first proposed by Frankland§ for 
nitrogen in analyses of potable waters, but he did not apply it 
then to organic analysis. The application, however, had been 
made in this laboratory by Dr. Gibbs some months before Dr. 
Frankland's paper was received. A vacuum is first made in the 
combustion-tube by means of the mercury-pump. The delivery- 
tube from the pump is then connected with a Simpson's receiver 
and the vacuum destroyed by heating some "GOj placed in the 
anterior portion of the tube. Any excess of COj is absorbed 
by the KHO solution in the receiver. The combustion is now 
made. A final vacuum is then obtained by the pump and the 
receiver disconnected. Afler a short time the gas is transferred 
to a eudiometer-tube and measured according to the methods of 
gas-analysis. The results are generally good, but depend upon 

♦ Ann. Oh. u. Ph., 131, 363. + Ann. Oh. u. Ph., "72, 40. 

X This Jour., zxxvii, 350. § Jour. Ch. Soc., 1868, p. 90. 
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the vacuum obtained at the begmning and end, on the perfect 
combustion, and on the perfect transfer of the gas. 

In conclusion I would present my grateful acknowledgments 
to Dr. W. Gibbs, to whose kindness I am indebted for the selec- 
tion of my subject, for the use of materials, and for many val- 
uable suggestions during the prosecution of my work. 

Cambridge, JaxL, 18*70. 



Abt. XXV. — Notice of some Fossil Birds, from the Oretaceous and 
Tertiary Formations of the United States ; by O. C. Marsh, 
Professor of Paleontology in Yale CoUega 

The remains of Birds described from European rocks are at 
present limited in the Mesozoic to the famous ^Archceopteryx 
of the Jurassic, and apparentiy a single species only fix)m the 
Cretaceous; but in the Tertiary period, and especially in the 
Miocene and Pliocene, this class was very fully represented by 
many of the modem types, and numerous species nave already 
been described by Owen, von Meyer, Gtervais, H^ert, Lartet, 
Graudry, A. Milne-Edwards, and other paleontologists. In this 
country, however, since the discovery that the three-toed foot- 

Erints m the Connecticut river sandstone were probably all made 
y Dinosaurian reptiles, no species of birds have been included 
in our extinct fiiuna, as, with this apparent exception, none have 
been described from any North American strata. Eecent ex- 
plorations, however, have shown that remains of this class are 
not wanting in the later formations of the United States, and 
that the Cretaceous and Tertiary, especially, contain representa- 
tives of many interesting forms. 

The bones of birds, as might naturally be expected, are 
usually the rarest of vertebrate fossils, particularly in marine 
deposits ; but, fortunately, those parts of tne skeleton most likely 
to oe preserved are especially characteristic, so that even small 
portions not unfrequently admit of accurate determination, 
although their investigation is a work of considerable difficulty, 
even where fti^l^ material for comparison with recent species 
is available. The specimens briefly described in the present 
preliminary notice, although nearly all framientary, are in an 
excellent state of preservation ; and most of them show strongly 
marked characters, which indicate at least the near affinities of 
the species they represent If the interpretation of them here 

gVen be correct, they prove the existence, in this country, even 
jfore the close of the Mesozoic, of an interesting and varied 
group of aquatic birds, and suggest for this period a very rich 
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Remains of Cretaceous BniDa. 

Among the fossils under consideration are specimens indicat- 
ing five species of Cretaceous birds, the remains of whicli were 
found in the greensand of New Jersey, and with a single ex- 
ception in the middle marl bed. The specimens are all miner- 
alized, and in the same state of preservation as the bones of the 
extinct reptiles which occur with them in these deposits ; and 
hence are readily distinguished from the remains of Post-tertiaiy 
and recent birds, which have occasionally been found near the 
sur&ce in the greensand excavations of that r^on. In most 
instances, moreover, a record of the discovery places the geolog- 
ical horizon of the present fossils beyond a doubt 

Laomis Edvardsianus Marsh, gen. et sp. noY. 

The most interesting, in manv respects, of the specimens from 
the Cretaceous is a portion of the snaft and distal extremity of 
a left tibia, which indicates a species, apparently of a swimming 
bird, nearly as large as the common wud swan {Cwnua Amav 
canus Sharpless). The specimen is well preserved, and shows 
that the tioia, when entire, was of medium len^thi and quite 
robust The condyles of the distal end are broader anteriorilj 
than deep, the inner condyle being more prominent in fiont, 
and the outer one projecting somewhat farther behind. The 
inter-condyloid space is wider than either condyle. The supra- 
tendinal bridge— one of the most characteristic portions of the 
skeleton, when present — is well ossified, and still uninjured. 
It is submedial in position, straight, transverse, of moderate 
width, and spans a deep and well defined canal, which was 
traversed by the extensor tendon of the toes. The outer mar- 
gin of the canal is low and obtuse, as in most of the Gallinace- 
ous birds. The inner margin is the more prominent, and just 
above the upper edge of the bridge it supports an elongated 
tubercle for the inner attachment of the oblig[ue ligament Op- 
posite the bridge, on the other mar^n, there is a laige triangular 
elevation, which is separated by a shallow transverse groove fixMH 
the exterior condyle. To this prominence the outer end of the 
obliaue ligament was attached. The outlet of the canal above 
the bridge is transversely elliptical in outline, and the one be- 
low more oval, and looking forward, and slightly outward. 
Just below this aperture, there is a shallow depression in the 
inter-condyloid space, similar in shape and pasition to that in 
the tibia of the wild goose (Bemida Canadensis Boie), although 
rather deeper, and more obliqua The under trochlear surface 
is but slightly concave transversely, and has a faint median ele- 
vation, as in the tibia of the swan ; but in the present specimen 
this is continued along the entire posterior surface, which is 
broad, with a slight, transverse concavity. On the lower surfiioe 
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* the inner condylar ridge there is a shallow notch, resembling 
. shape andposition that in the tibia of some of the Oulls, es- 
3cialhr tiie rferrin^ GuU {Larus argentatus Briinn.). The ecto- 
mdyloid surface is unusually circular in outline, and has, for 
le attachment of the external, articular ligament, a low tuber- 
ie, a little behind and below its central point Just in front of 
lis, there is a shallow groove extending directly upward. The 
ato-condyloid surface is moderately transverse, and has on its 
Dterior portion, for the attachment of the internal ligament, a 
iige irr^ular tubercle, which is connected by a low ndge with 
ae prominent inner mar^n of the tendinal canaL A portion 
f tne fibular ridge remains on the upper part of the specimen, 
nd a faint indication of its continuation can be traced nearly 
■} the ecto-condyloid surface, where it passes into a small, acute, 
bngated tubercle, which is just outsiae of the triaugular prom- 
lence, already mentioned. Between these two elevations, there 
\ a deep groove for the tendon of the short tibial muscle, and 
1 its inner mar^n a small elongated foramen, leading obliquely 
ownward and inward. 

The portion of the shaft pres^red is robust, and somewhat 
attened in an antero-postenor direction. In the lower fourth 
f the bone, the transverse diameter gradually increases, and 
caches its maximum at the extremity of the distal condyles, 
lie shaft curves forward slightly just where it begins to expand 
bove the lower condyles, closely resembling in this respect the 
bia of the turkey ; and it has at this point little of the marked 
iward curvature, characteristic of the swimming birds, but is 
-y straight, that its median plane, if continued, would divide 
16 trocnlear surface nearly equally. 

The dimensions of the specimen are as follows : — 

Leneth of portion preserved, . . . 7o«am« 

Width of condyles in front, ... 23* 

Depth of outer condyle, . • • .10*1 

Width of bridge at center, . . . 5*2 

Transverse diameter of upper outlet, .5* 
Transverse diameter of lower outlet, . . 4*4 

Transverse diameter of shaft where broken, . 1 1 *8 
Antero-posterior diameter of shaft where broken, 9*6 

A consideration of the characteristic points of this interesting 
30sil leads to the conclusion that it should be placed in the 
rder Naiatares^ but additional remains will probably be 
equired to determine its exact affinities. It shows a strong 
ssemblance in several respects to the LamelltrostreSy and also to 
be Langtpennes, but differs essentially fi*om the typical forms 
f both these groups. For the extinct genus evidently reroe- 
snted by this specimen the name Laomis* is proposed. The 

* Aoof , fftMM, and 'OpviCt bird. 
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species may very justly be named Lobomis Edvardsianus^ in 
honor of M. Alphonse Milne-Edwards, of Paris, whose great 
work on Fossil Birds, now in course of publication, promises to 
place this hitherto neglected branch of paleontology on a firm 
foundation.* 

This unique specimen was found in the greensand of the 
upper, Cretaceous marl bed, at Birmingham, New Jersey, in the 
pits of the Pemberton Marl Company, and was presented to 
the Museum of Yale College by the superintendent, J. C. Gras- 
kill, Esq. 

Palceotringa littoralis Marsh, gen. et sp. nov. 

The present collection contains, also, some remains of wading 
birds from the Cretaceous, and among them are specimens indi- 
cating two species, apparently belonging to the Gh-aUoe. Each of 
these is represented Dy a portion of the shaft, and the lower ex- 
tremity of a left tibia, and probably by some other fragmentaiy, 
but less characteristic parts of the skeleton. The tibia of the 
larger species resembles in size and general form that of the 
European Curlew {Numenius arquata Linn.). The condyles of 
the distal end are expanded anteriorly, but in their posterior 
extension continue upward as acute, prominent ridges. The 
inner condyle is somewhat narrower than the outer. The inter- 
condyloid space is smooth, with the exception of a faint trans- 
verse groove, and is wider than either condyle. The trochlear 
surface is broad, slightly concave transversely, and its median 
portion nearly flat, especially at the extremity. Its upper, pos- 
terior surface projects slightly beyond the face of the adjoining 
shaft. The ecto-condyloid surface is smooth, and somewhat 
concava The supratendinal bridge is narrow, very thin, trans- 
verse, and has its outer edge on the median line. The tendinal 
canal is very broad and deep, and its floor nearly flat In its 
general features it resembles the canal of the Hemng, or Silvery 
&ull. The aperture below the bridge is oval in outline, and 
looks forwaro, and slightly inward and downward. On the 
outer margin of the canal, just above the exterior condyle, 
there is a triangular rugose surface, to which the oblique hga- 
ment was apparently attached. This surface projects outward, 
so as to produce a slight swelling at this point on the side of 
the shaft The interior margin of the canal is the more acute, 
and just above the bridge has on its inner edge a smidl elon- 
gated and inflected tubercle for the attachment of the upper 
end of the oblique ligament 

The shaft of the tibia is slender, and has its narrowest part 
at the be^nning of the lowest fourth, or a little above where 
the margins of the tendinal canal b^n. From this point 

* Becherches 8ur lea OiBeaux Fossiles de 1a France. 4ta Puis, 1867-70. 
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lownward, the shaft curves slightly forward, and also expands 
transversely, but much more gradually than in most wading 
birds. The lower half of the tibia is unusually flat in front, 
and very convex behind- A transverse section of the broken 
end is broadly ovaL 
The admeasurements of this tibia are as follows : — 



:miii* 



Length of portion jireserved, ... 43 'S' 

WicUh of condyles in front, - - - - 9'7 
Depth of outer condyle, - - - - 8*6 

Width of bridge at center, - - - - 1 '6 
Transverse diameter of upper outlet, - - 2* 

Transverse diameter of lower outlet, - - 1*9 

Transverse diameter of shaft where broken, - 4*7 

Antero-posterior diameter of shaft where broken, 8*8 

The remains on which this species is established are from 
the Cretaceous greensand of the middle marl bed. They were 
discovered by ificholas Wain, Esq., in his marl pits, at Homers- 
town, New Jersey, and by him presented to the Museum of 
Tale Collie. 

Palceotringa vetus Marsh, sp. nov. 

The present species is indicated by the lower portion of a 
right tibia, which is of peculiar interest, as it apparently was the 
first fossil bird-bone aiscovered in this country. It is men- 
tioned by Dr. Morton in his Synopsis, as " the tibia of a bird 
belonging to the genus Scohpaxf^* and subsequently by Dr. Har- 
lan, who regarded it as the femur of a bird allied to the same 
genu&t The roecimen has since remained in the collection of 
flie Academy of Natural Sciences in Philadelphia, but no de- 
scription of it has been published, probably owing to the fact 
that it has generally been regarded as a recent species, accident- 
ally introduced into the deposit where found. It is, however, 
thoroughly fossilized, and in precisely the same state of pres- 
ervation as the remains of birds, since discovered in the same 
region, which are known to be of Cretaceous age, and hence its 
antiquity cannot now be fairly called in question. 

This specimen indicates a species about half the size of P. 
littaraUsj or about as large as the Hudsonian Godwit {Ltmosa 
Hudsonica Swain.). In general form and proportions it closely 
resembles the tibia just described. This is especially evident 
in the very gradual, transverse expansion of the lower end of 
the tibia ; and in the broad concave trochlear surface, with no 
indications of a median elevation, or of the peculiar flattening of 
the inferior sur&ce, which is seen in many of the Snipe family. 

* Synopsis of the Organic Remains of the Cretaceous of the U. S., p. 32, Phila- 
delpbia, 1834. 

f Medical and Phjsical Beseardhes, p. 280, Philadelphia, 1836. 

Am. Jottb. Sol— Sboohd Bkribs, Vol. XLIX, No. 146.— Mjlroh, 1870. 
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One of the most important differences between them, however, 
is in the supra-tendinal bridge, which in the present specimen is 
broader ana stouter, and tne outlet below looks more directly 
forward. The inter-condjloid space, also, has a distinct trans- 
verse depression, which is but mintlj indicated in the forma: 
specimen. The rugose sur&ce on the outer margin of the canal 
is here replaced by three tubercles, the largest of these, to which 
the oblique ligament was doubtless attached, being nearly oppo- 
site the bridge, and the other two above and outside of it The 
anterior face of the tibia above the bridge is nearly flat, with a 
faint median rising, which throws the true tendinal canal 
against its inner margin. In the previous specimen this eleva- 
tion does not exist, the corresponding space being transversely 
concave. The ecto-condyloia surface m this species is almost 
flat, with a slight elevation just below its centnJ point The 
ento-condvloid fece is quite concave posteriorly, but near the 
middle of its anterior projection has a very small tubercle for 
the attachment of the lateral, articular ligament 
The principal dimensions of this tibia are as follows : — 

Length of portion preserved, ... - 18*6™"' 

Wicfth of condyles in front, - •• - - 7*2 

Depth of outer condyle, 4*9 

Depth of inner condyle, - - - - 6,$ 

Width of bridge at center, - - - - 1*8 

Transverse diameter of shaft where broken, - 3*4 

The differences noted above between this specimen and the 
tibia of P. littoralis render it probable that aaditional remainfl 
would show that they belong to distinct genera ; but for the 

? resent they may very properly be placed together in the g^us 
^alceotringa* and the present species be named PcUoetSringa 
vetus. The specimen, according to the authorities already cited, 
was found in the marl at Amevtown, New Jersey, which 
would imply that it was from the lowest, Cretaceous marl bed. 

Telmatomis priscus Marsh, gen. et sp. nov. 

The most important of the remains on which this species is 
founded is the lower half of a left humerus. The speci- 
men is in perfect preservation, and, fortunately, a very charac- 
teristic part of the skeleton. In general appearance it resem- 
bles the humerus of some of the Kail family, and the species 
it represents is probablv related to this group of birds. Evi- 
dence of this is seen in the unusual flattening of the lower part of 
the shaft and distal extremity; in the smaJl articular condyles; 
in the diminutive protuberance for the attachment of the ex- 
tensor muscle of the hand ; and in the oval impression of the 
anterior brachial muscle. The latter has, however, in this 

*IIaXai^, atkokiUf and Tp^ac, a $hon Mrd; mentlaned hj Aiislolie. 
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ecimen a more oblique position than in most of the BallidoB. 
resembles the corresponding impression in the woodcock, 
ViHohela minor Qray), but is situated higher up, and its 
iperior margin is less distinctljr defined. The distal end of 
OS humerus resembles in its main features that of the Oreen 
!eron {Butorides virescens Bonap.), but differs widely firom it in 
aing much more compressed, and in having the imprint of the 
iterior brachial muscle much shorter, and more obiiqua 
The most important dimensions of this humerus are as follows : 

Length of specimen preserved, - • 25'""* 

Vertical diameter of distal end, - • 11*2 

Transverse diameter through radial condyle, 5*6 

Depth of shaft where broken, - • •4*4 

Transverse diameter of shaft where broken, - Zi^ 

Length of impression of anterior brachial muscle, 6*8 

These remains apparently indicate a genus of birds distinct 
om any yet described, for which the name Telmatomis* is 
roposecL The present species, which was about the size of 
le King Bail {MaUus elegans Aud), may be called Tebnaiamia 
rtacus. The remains of the species at present known were 
mnd in the Cretaceous greensand of the middle marl bed, in 
Its of the Cream Ridge Marl Company, near Homerstown, New 
srsey, and werepresented to the Museum of Tale College by 
dhn G. MeLrs, Esq. 

Tebnaiomis affinis Marsh, sp. nov. 

This spedes is also based, essentially, on the lower portion 
r a right humerus, which was found at the same locality, and iii. 
le same stratum as the one just described. It closely resembles 
lat specimen in most importantparticulars, but a careful com- 
irison shows some points of difference which appear to justify 
B separation. The most apparent of these are the following : — 
he notch between the radial and ulnar condyles is somewhat 
eeper ; the elongated tubercle, on the inner surfoce behind the 
otch, which confines the upper tendon of the triceps muscle, 
i larger; the impression of tne anterior brachial muscle on the 
ater sur&oe is nigher up, and more shallow; and the epi- 
ochlear elevation is more prominent The specimen indicates, 
loreover, a species considerably smaller than the one mentioned 
Ixyve. Its principal measurements are as follows : — 

Length of portion preserved, - - - - 12' 

Vertical diameter of distal end, - - - 10*4 
Transverse diameter through radial condyle, • 4*8 
Vertical diameter of shaft where broken, - 5*6 

Length of impression of anterior brachial muscle, 6*8 

^Ti^fio^ marskf and 'Ofvif^ Nr 
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These remains, also, were found by John G. Meirs, Esq., near 
Homerstown, New Jersey, and by him presented to Yafe Col- 
lege, in behalf of the Cream Ridge Marl Company. 

Remains of Tertiary Birds. 

The few remains of birds hitherto discovered in the Tertiaiy 
deposits of the United States naturally show a much closer 
resemblance to recent species than those from the Cretaceoua In 
the specimens examined by the writer during the present inves- 
tigation, which include, it is believed, all the remains of import- 
ance known trom. the formation in this country, no characters 
implying genera distinct from existing birds are apparent^ and 
some of the fossils seem to indicate species nearly related to 
those now living. Future discoveries, nowever, will doubtless 
disclose more important differences between jGaiunfle so remote in 
time. 

Puffinus Conradi Marsh, sp. nov. 

The collection of the Academy of Natural Sciences in Phila- 
delphia has for many years contained the distal half of a left 
humerus, and the lower portion of a right ulna, of an aquatic 
bird, which were discovered in the Miocene of Maryland oy T. 
A, Conrad, Esq. A brief mention of these specimens, and of 
some other ornithic remains fit>m the United States, has already 
been made by Professor Leidy,* but no description of them has 
yet been published. The specimens are so well preserved, and 
so characteristic, especially the humerus, that the affinities of 
the species they indicate can be determined with tolerable cer- 
tainty. The most marked feature of the humerus is the trans- 
verse obliquity of its shafl and distal extremity. Both are 
much compressed, and so turned that the common plane of their 
longer diameters, instead of being nearly vertical, as in the 
brachium of most birds, is here highly inclined inward and 
downward. Among the other characters of importance may be 
mentioned, the unusually small size of the ulnar condyle, the 
very deep, oval impression for the attachment of the anterior bra- 
chial muscle, and the presence of an elongated, compressed apo- 
physis, extending outward and upward from the exterior mar- 
gin of the distal end, just in front of the radial condyle. 

This humerus has tne following dimensions : — 

Length of portion preserved, - - - 49' 

Vertical diameter of distal extremity, - 13*2 

Transverse diameter of radial condyle, - - 8*6 

Transverse diameter of ulnar condyle, - S-S 

Length of impression of anterior brachial muscle, 5*6 
Breadth of impression of anterior brachial muscle, 3*8 
Longer diameter of shaft where broken, - 7*4 

Shorter diameter of shaft where broken, - - 5* 

* Prooeedingi Acad. Nat SdenoeB, Phfladftlphia, 1866, p. S3t. 
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^mparison of the present fossils with the corresponding 
of recent birds readily shows that the nearest allies of this 
it species must be sought .in the Auk family, or among the 
s ; as it is only in these groups of birds, that the peculiar 
lity of the humerus, noticed above, exists. In the AlcidoBj 
levj this oblique compression is greater than in the present 
nen. The latter has, moreover, on its outer edge above 
dial condyle, the long, pointed projection, which is not 
n the Auks, although present in the Petrels, Gulls, and 
of the wading birds. The difference in size between the 
and radial condyles, and the remarkably deep, oval, im- 
on for the attachment of the anterior brachial muscle 
unmistakably that this humerus belongs to one of the 
waters, and apparently should be placed in the genus 
tt«, with which it corresponds in all essential particulars, 
e and general features it apparently resembles most nearly 
•achium of the Cinereous Petrel {Puffinus cineretis Gmelin, 
{ the Pacific coast, but there are some points of difference 
en them which clearly imply that the species are distincl 
lat apophysis on the outer edge of the distal extremity is 
e fossil specimen more pointed ; the impression, on the 
surface, of the anterior brachial muscle is deeper, and its 
e more sharply defined, which is also the case with the 
epicondylar depressions for the attachment of the muscles 
5 forearm. The bone indicates, moreover, a somewhat 
3r bird- 

3 distal half of the right ulna, which was found with thft 
nis, apparently belonged to a bird of the same species, 
igh its size would seem to indicate that it pertained to a 
3r individual The species represented by these remains 
ippropriately be named for its discoverer, T. A. Conrad^ 
who has been so long and honorably identified with 
ican paleontology. 

Catarractes antiguus Marsh, sp. nov. • 

long the other bird remains in the Museum of the Phil- 
hia Academy, is a very perfect left humerus, from. Tar- 
gh, Edgecombe county. North Carolina, which was 
ated by Dr. Booth. The geological position of the speci- 
B not definitely known, but its state of preservation and 
"alization render it extremely probable, at least, that it is 
the Tertiary deposits of that region. This humerus shows 
ime transverse obliquity which characterized the specimen 
lescribed, and so strongly resembles in other respects also 
ime bone in the Auks, that it should evidently be referred 
It family. It approaches most nearly the humerus of the 
emots, especially those now included in the genus Catar- 
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raciea, with which it appears to cx>iiicide in all important 
characters. 

The principal dimensions of this humerus are as follows: 

Total length, - - - - - 96-2»"- 

Transverse ^ameter of proximal end, - - 21* 

Vertical diameter of articular head, - - 14*2 

Transverse diameter of articular head, - - B'S 
Vertical diameter of distal end, ... 13*8 

Longer diameter of shaft at center, - - 8*4 

Shorter diameter of shaft at center, - - 6* 

The present specimen shows so many jpoints of resemblance 
to the numerus of the Thicked-billed Guillemot {OcUaarracki 
lomvia Linn.), that it will probably find in this species its nearest 
living representative It indicates, however, a somewhat laiger 
bird ; and on carefully comparing the humeri of the two, some 
marked diflFerences may be detected, which are quite sufficient 
to prove the species distinct The most important of these 
are the following : — The head of the humerus in the foBaQ 
specimen is more obtusely rounded, both transversely and 
vertically ; the two grooves, on the inner sur&ce of the 
distal extremity, for the tendons of the triceps muscle, are of 
nearly equal width, the upper depression being somewhat wider 
than the other, but in C, lomvia Linn, the lower groove is much 
the broader; the ulnar condyle has, moreover, on its inte- 
rior surface, a small obtuse tubercle, extending upward and in- 
ward, as in the humerus of the Great Auk {Aha trnpennts Linn.), 
while this projection is wanting in the Thicked-billM Guillemot; 
the lower face of the same condyle also differs from that of the 
latter species in forming a much narrower crescent ; and in 
several minor points of structure a similar want of correspond- 
ence may be seen. 

A right humerus, closely resembling the preceding specimen, 
and evidently belonging to the same genus, was presented to 
the Philadelphia Academy a few years since by Dr. A C. 
Hamlin, who obtained it in the Post-tertiary clays, near 
Bangor, Maine, at a depth of forty-seven feet below the surface. 
It appears to be distinct from the above species, as well as from 
C, lomvia Linn., and will be described at an early day by the 
writer, in a paper now in course of preparation on the remains 
of some Quaternary birds. 

Orus Haydeni Marsh, sp. nov. 

The various explorations that have been made in the Tertiary 
deposits of the Upper Missouri region, so remarkably rich in 
mammalian remains, have, strange to say, brought to light but 
a single fragmentary specimen which can with certainty be 
refened to the class of birds; although l^e material collected 
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liere has been carefully examined for these fossils by several 
[>aleontologists. The only specimen hitherto detectea was ob- 
tained by Dr. F. V. Hayaen, several years since, in the later 
Tertiary beds of the Niobrara river. It is the distal extremity 
3f a left tibia, one of the most common, and most chaiacteristic 
parts of fossil birds, and indicates unmistakably a large species 
rf the genus Chrus^ or Cranes. Although the specimen is some- 
what injured, the most important parts are wellpreserved, and 
appear to exhibit good distinctive characters. Tne inner arti- 
cular condyle is partially broken away, but was evidently much 
oarrower than the other, and is continued &r backward as a very 
sharp ridge. The outer condyle is somewhat flattened below, 
and its posterior extension projects beyond the surface of the 
diaft, although not so far as tnat of the inner condyle. The 
trochlear space is rather narrow, and has its deepest part inside 
of the median lina It is slightly concave transversely below, 
und deeply so posteriorly. The ecto-condyloid sur&ce is con- 
cave, but has a low tubercle just in front of its central point 
The supratendinal bridge is very broad, internal, transverse, and 
its suruice is concave vertically. It spans a very narrow, but 
ieep, internal canaL The lower outlet is subtriangular in out- 
line, and looks obliquely forward and downward. The supe- 
rior aperture is broadly oval, and the upper edge of the bridge 
is continued slightly above it on either side of the canaL The 
bwer opening has its upper, straight margin slightly rounded, 
and its lower edge is formed by a sharp ridge, which separates it 
bom the nearly flat intercondyloid spaca External to this 
iperture is a prominent tubercle, which has its inner edge on 
bine median line, and is connected above by a low ridge with the 
rater elongated tubercle for the attachment of the oblique liga- 
ment A more prominent crest extends obliquely downward, 
ind unites it with the external condyle. The inner margin of 
the canal is bounded by a well defined ridge, which, just above 
the bridge, is inflected over the edge. Externally, the mamn 
yf the canal is low, and indistinct The groove ror the tendon 
>f the short tibial muscle is well defined, and bounded out- 
irardly by a low ridge, which causes a projection on the exterior 
mrfece of the shaft. 
The principal dimensions of this specimen are as follows : — 

Length of portion preserved, - - - 31- mm. 

Depth of external condyle, - - 19*2 

Width of supratendinal bridge, • - - 7*2 

Width of upper outlet, - - - 2*4 

Width of lower outlet, - - - 8-6 

Transverse diameter of shaft where broken, - 12*6 

Antero-posterior diameter of shaft where broken, 8*2 

This specimen, also, belongs to the Academy of Natural 
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Sciences in Philadelphia, and the extinct species it indicates is 
named for Dr. F. V. Hayden, whose explorations have added so 
much to our knowledge of the geology of the Upper Missouri, 
and Rocky Mountain regions. 

Ghracvlus Idahensis Marsh, sp. nov. 

A collection of Tertiary fossils from Idaho, lately received 
by Professor Newberry, of Columbia College, contained the 
greater portion of the left metacarpal bone oi an aquatic bird, 
which he has kindly loaned to tne writer for examination. 
The specimen is in perfect preservation, and has such marked 
characters that it will evidently admit of at least approximate 
determination. Among the most prominent features of the 
fossil, at its proximal extremity, are, the great anterior projec- 
tion of the radial apophysis, wliich is also elevated, and its su- 
perior portion considerably compressed ; the deep anterior car- 
pal fossa, which extends mto the base of the carpal articular 
surface ; the very deep and narrow pasterior carpal fossa, which 
is auriform in outline, and extends obliquely inward and for- 
ward ; and the internal and oblique position of the smaller 
metacarpal bone. The pisiform tubercle on the inner surfiice is 
of medium size, and its summit nearly flat. A sharp ridge ex- 
tends fix)m its anterior edge directly upward to the margin of 
the articular surface. The groove in front of this tubercle is 
very deep and broad. The fossa for the attachment of the in- 
ner lateral ligament of the wrist is also deep, and has, apparently, 
a small pneumatic opening near its center. The smaller branch 
of the metacarpal bone was slender, and but little separated 
fix)m the larger one. Its outer edge at its superior attachment 
is on the median line, and opposite to this point, on the outer 
posterior edge of the large metacarpal, tliere is a small tubercle, 
to which the superior flexor muscle of the hand was attached. 
The lower extremity of the specimen has, unfortunately, been 
lost 

The principal dimensions of this metacarpal bone are as fol- 
lows : — 



:.inni. 



Length of portion preserved, - - - - 45* 

Transverse diameter of proximal extremity, - 16*2 

Diameter through pisiform tubercle, - - - 8*1 

Width of carpal articular surface, - - - 7*2 

Length of radial apophysis, - - - - 12* 
Distance from inner superior edge to union of 

metacarpals, 18*6 

Greater diameter of large shaft where broken, 5'4 

The sj)ecies represented by this fossil appears to have been 
related to the Cormorants, and may be placed provisionally in 
the genus Oraculus ; the metacarpal of which the present sped- 
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nen resembles in nearly all important particulars. The most 
narked difference between them is the presence in the latter of 
he anterior carpal fossa. This interesting specimen, the onlj 
b^il bird bone yet found west of the Rocky Mountains, is 
rom a fresh- water Tertiary deposit, probably of Pliocene age, 
)n Castle Creek, Idaho Territory. 

In addition to the acknowledgments made in the course of 
he present article, the writer desires, in conclusion, to express 
lis grateful thanks to Professor Joseph Leidy, of Philadelphia, 
?ho generously placed in his hands for examination the various 
)ird remains alreadj mentioned as belonging to the Academy 
>f Natural Sciences m that city. A more complete description, 
rith illustrations, of all the remains here briefly noticed, and a 
letermi nation of their nearer relations to living species, as well 
IS the conclusions their discovery suggests, are reserved for a 
uture communication. 

Yale College, New Haven, Conn., Feb. Ist, 1870. 



^.RT. XX VL — Contributions to Zoology from the Museum of Yale 
College, No. VI. — Descriptions of tSiells from ilie Oulf of 
California ; by A. E. Verrill. 

Having in preparation feunal catalogues of the extensive 
oUections of mollusca in the Museum of Yale College, col- 
3Cted in the Gulf of California by Capt J. Pedersen, and at 
^anama, San Salvador, Peru, and other localities on the West 
Joast of America bv Prof F. H. Bradley, it seems useful to 
otice here some oi the more interesting and new species, 
^hese will hereafter be more fiiUy described and figured in the 
!*ransaetions of the Connecticut Academy. Most of the foUow- 
ig species were obtained by pearl divers near La Paz. 

Semele Junonia Verrill, sp. nov. 

A large, broad, somewhat oval species ; anteriorly much pro- 
>nged and broadly rounded; posteriorly shortened, strongly 
licated, the extremity broadly obliquely truncate. Surface 
overed with regular, nearly equidistant, elevated, strong, con- 
entric lamellae, which are not close, except near the umboes, 
•ut bevond the plication become fainter, oblique, and parallel 
rith tne truncated posterior edge ; interstices broadly con- 
ave, smooth, with fine radiating grooves in the larger speci- 
lens, and also sometimes with concentric striae. Epidermis 
iin, shining, yellowish brown. Beaks but little prominent ; 
orsal edge of the right valve overlapping the ligament and 
ven more overlapping the edge of the left valve in fix)ntof the 
eaks. Hinge stout and broad, its inner edge very sinuous ; 
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the internal ligament strongly divergent ftom the maixin, its 
plate obliquely concavely truncate postenorly ; lateral teeth 
stout, obtuse. Palial sinus large, broadly rounded, reachmg 
about the middle, its surface finely striated and iridescent 
The color of the interior is usually a rich pink or deep flesh- 
color, lighter about the hinge ; sometimes yellowish or bright 
orange ; externally generally orange-yellow, with the umboes 
bright orange-yellow. One large specimen is pale yellow, with 
bright lemon yellow umboes ; the mside yellowish white with 
the palial sinus and broad concentric bands pinkish. 



Length, 


316 


inchea 


2-66 


2-36 


1-44 


Height 


2*65 




2-20 


2*06 


116 


Breadth, 


1-40 




1*12 


•90 


•62 


Apex to anterior end. 


210 




1-86 


1-60 


100 


Plication to posterior end, 


•80 




•60 


•60 


•32 


Palial sinus firom edge, 


1-85 




1-60 


1-38 


•86 


Breadth of do., 


•87 




•74 


'62 


•32 



Near La Paz, — Capt J. Pedersen. Six fresh specimens, the 
valves mostly together. Obtained by pearl divers. 

This fine species is allied to S. rosea and S. Jovis, The latter, 
as figured by Eeeve (Icon., vol. viii, PL v, 84), is similar in fonn 
and somewhat in color, but the lamellae are closer, and the pli- 
cation is nearer the posterior edge. The hinge and palial sinus 
are not described, and the locality is unknown. 

S, rosea (Sowerby, 1832) was described from a single valve 
found at Tumbez, rem. It is more orbicular and the lamella 
are much closer. 

Semele formosa. 



Amphidesma fDrmasum Sowerby, Proc. of the Committee of Sdenoe and Corres- 
pondence of the Zool Soc of London, Part II, 1832, p. 199 ; Reeve, loon., Tiii, PL 
Iv, fig. 27. 
Semele formoaa Adams, Oenera, ii, p. 411. 

Of this lovely species two fresh specimens with the valves 
together and two fresh odd valves were obtained with the pre- 
ceding. 

The form is much like that of S. Junonia, but the anterior 
dorsal edge is not concave, does not overlap, and the beaks are, 
therefore, even less prominent The sides are covered with 
close, more or less irregular, often slightly oblique, concentric, 
rounded ribs, which are oft«n furcate, especially at the posterior 
fold, separated by intervals of about their own width, ana become 
very fine and close toward the apex, and often interrupted and 
noaulose on the umboes and anteriorly; beyond the strong 
posterior plication they are stouter, irregularly bent up and 
crowded, toward the apex rugose. Hinge less stout than in 
the preceding, the internal ligament more parallel and nearer to 
the margin, its plate not truncately terminated. Palial sinus 
large, broadly rounded, iridescently striated. 
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The color is varied with white, li^ht lemon-yellow, rosy, 
rown, and purple; these colors being arranged partly m 
amerous rays, partly in spots and patches. Usually there are 
uiny alternating narrow rays of white and rosy, the other 
>lore being morl irregularly distributed, but in one specimen 
lere are also regular rays of yellow on one valve. Inside the 
\jr^T specimens are pinkish white, the middle and umbonal 
^ons bright yellow, the ligament plate deep purple; but 
nailer specimens are mottled with purplish red and yellow. 

The wgest specimen is 2*75 inches long; 2*25 high; 1*05 
road ; the palial sinus 1*62 long, from edge ; '85 wide. 

Semde venusta (A. Adams, 1853) is perhaps only the young 
f this speciea It was from West Columbia. 

Oallista pollicaris. 

Carpenter, Ann. and Mag. Nat Hist, voL xiii, p. 312, 1865. 
Dicmeprora var.^ Beeve, Conch. Icon., ziv, PL z, fig. 46, (non Conrad). 

Several specimens of this rare and beautiftil species were 
btained, wnich show considerable variation, especially in color, 
[ost of these are more transversely oval and less rounded below 
lan the specimen figured by Reeva The posterior end is 
Iways a little compressed and somewhat obliquely truncate, 
ligamentary area long and narrow, slightly excavate, wrinkled, 
•he sides are smooth and polished, finely concentrically striated ; 
Ofiteriorlv and anteriorly obliquely corrugately wrinkled in 
loet of the specimens, but in some, especially the smaller ones, 
le anterior wrinkles are obsolete, and sometimes also the 
osterior onea Palial sinus large, broad and ovaL Some 
jecimens are white, with only a few small specks or waved 
nes of orange-brown, and a few stripes of the same color on 
le ligamentary area, the apex orange, upper part of lunule 
rown ; more commonly the color i^ yellowish with concentric 
'^aved or zigzag streaks and spots of orange-brown, sometimes 
ith imperfect radiating bands of the same color in addition ; 
large specimen is thus marked for about an inch from apex, 
eyond which it is white, faintly specked with brown. One 
irge specimen is nearly white with many radiating bands of 
range-brown on one valve ; on the other aiffosed orange-brown, 
ghter above, crossed by many radiating darker brown banda 
mother is darker chestnut-brown below, yellowish white 
)ward the umboes, but destitute of bands and spots. Some 
f the smaller specimens have a purplish brown stain within, 
roesing the palial sinus ; others are pure white. 



Length, 


210 


inches. 


208 


1-75 


•88 


Height. 


1-50 


(( 


1-45 


1-25 


•66 


Breadth, 


100 


it 


100 


•80 


•44 


Apex to posterior end, 


1-75 


(( 


1 68 


1-36 


•68 


Palial sinuB fh>m edge, 


115 


(1 


110 


96 


•46 
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Near La Paz, — Capt J. Pedersen. 

This species belongs to the subgenus, CaryatiSy of fidmer. 

Tivela elegans^ sp. nov. 

The form is regular, transversely subelliptical, triangular above, 
nearly equilateral, slightly swollen at the umboes ; the beaks but 
little prominent. Ligament short ; lunule elongated, distinctly 
defined. Hinge narrow, not very strong. In the left valve 
the anterior tooth is prominent, about its own breadth from the 
beak ; four principal cardinal teeth, nearly equally divergent, 
rather thin, the posterior one bilobed, the marginal lobe pro- 
longed ; in the right valve four principal, thin cardinal teeth, 
the middle ones most prominent, rugose, palial sinus large, 
broadly rounded, reaching nearly to the middle. 

The La Paz specimens show great variation in color. 
Some are white with a few posterior oblique lines or spots of 
reddish brown ; others are broadly indistinctly rayed and 
posteriorly wave-striped with lighter and darker grayisn brown, 
leaving the umboes and two narrow radiating bands yellowish 
white. One is intricately and beautifully painted with rich 
reddish brown, in regular, concentric, waved and angulated 
bands, becoming zigzs^ posteriorly, with several median inter- 
rupted white rays, wnich diflFer on the two valves, and the 
posterior edge stained deep brown ; this is deep purple within, 
except apical and anterior and posterior whitisn spots. The 
lighter specimens are white within, except a spot of purplish 
about each muscular scar. 

The San Salvador specimens present many other variations 
in color, but are mostly white, more or less profusely painted 
with chestnut-brown in various concentric, more or less waved 
and angulated bands, or in interrupted rays ; in some the color 
LS yellowish brown; in others the ground -color is reddish 
brown, with darker bands. The beaks are sometimes, but not 
usually, purplish ; the interior generally white, with a purplish 
umbonal stain. 

T. elegans. 

Length, 1-02 inches. 98 -82 

Ueight, -78 " -80 -66 

Breadth, -48 " -60 -42 

La Paz, — Capt. J. Pedersen ; Acajutla and Realejo, — ^F. H. 
Bradley. 

This species varies somewhat in form, but is nearly always 
more traversely oval than T, Hindsu] of which we have typical 
specimens both from San Salvador and Zorritos, Peru, wnich 
agree exactly in form and color with Reeve's figures. T, Hindsii 
is short, triangular, with very swollen umboes, and the posterior 
end longest and a little produced, its sinus much smaller, and 
the ligament very short, the hinge stouter, with the lateral 





T.HindsiiL 


•74 


•65 


58 


•62 


40 


•60 
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teeth nearer the cardinal, and the latter more crowded and 
stouter. T. radiata is less regular in form than T, elegans^ with 
much smaller sinus and broader and stouter hinge, a much 
longer ligament, sharper lateral tooth, and more numerous and 
more divergent cardinal teeth, the posterior ones being much 
more elongated. 

The name, Trigona (Meg., 1811), is not only kuter than Tivela 
(Link, 1807), but was previously used among Hyemenoptera 
(Jut. 1807). It has also been used in Crustacea (tatr., 1817). 

Venus tsocardia, sp. nov. 

A large, rounded, thick, and swollen species, cordate in front, 
with a oroad deeply excavated lunule ; with the sculpture 
entirely concentric, — the stout, elevated, rather close, slightly 
recurved and flattened ribs separated by deep interstices in which 
there are several very thin, crowded, slightly elevated lamella?. 

Umboes prominent, swollen, the beaks much recurved, not 
marginal ; dorsal outline convex, broadly rounded and a little 
proouced posteriorly; evenly rounded ventrally; anterior end 
short, deeply indented by the very broad and stmken lunule, 
which is smoothish and surrounded, by a distinct groove, broadly 
cordate, extending between the beaks. Ligamentary area nar- 
row, smooth on the left valve, the concentric sculpture extending 
over it on the right valve, which overlaps beyond the ligament 
Muscular scars and palial line strongly marked, the sinus of 
moderate length, tapering to an obtuse point, about as deep as 
the width of the posterior muscular scar. Hinge stout, the ante- 
rior tooth in the right valve elevated and stout ; central much 
larger, slightly bilobed; posterior one much elongated, and 
strong. In the left valve there is a small, conical, tubercular, 
anterior tooth ; first cardinal elevated, stout triangular ; followed 
by a stout strongly bilobed one ; posterior one confluent with 
the ligament plate, long and curved, less elevated. 

Exteriorly more or less stained and blotched with brownish ; 
interiorly tinged with light orange near the umboea 

Length 3'25 inches ; neight 3*30; breadth 2*50; breadth of 
lunule '68 ; length of palial sinus '60. 

Near La Paz, — Capt J. PederscD. Two fresh specimens. 

This massive species is allied to V. rugosa of the West Indies, 
which it resembles in form and sculpture, but it has a different 
and stronger hinge. The posterior tooth of the right valve, 
especially, is much larger and longer, extending beyond the 
middle of the ligament In the left valve the posterior tooth is 
also much elongated and reaches beyond the middle of the liga- 
ment, but it is much less elevated than in V, rugosaj and less 
separated from the ligament plate, there being only a shallow 
groove between. 
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It belongs to the tjrpical Venus, as restricted by Messora. E 
and A. Adams and most recent authors, but B6'mer has given 
the subgeneric name, Ventricola, to this group. 

(Jhione tumens, sp. nov. 

A stout, thick, often swollen, subtriangular, somewhat beaked 
species, with broad, swollen, rounded, concentric ridges or imdu- 
lations, increasing in size fk)m the beaks to the margin, with 
&int radiating sculpture on the upper side of the ridge& The 
dorsal outline is nearly straight, tne ligament groove Broad and 
deeply excavated, smoothish in both valves, with a short liga- 
ment; posteriorly slightly truncate ; ventrally broadly rounded; 
anteriorly rounded and a little produced; the lunule broad-oval, 
deeply sunken, smoothish, or marked with slight radiating 
lines. Beaks a little recurved, marginal The concentric rid^ 
or swellings are 12 or 14 in number, those near the beaks qmte 
small and close, but rapidly becoming broader and more ele- 
vated ; so that the last tnree occupy an inch or more in breadth ; 
their upper surface is somewhat flattened and marked by low, 
crowded, radiating ridces, which are obsolete, or nearly so, on 
their outer sida The hinge is stout, its inner edge sinuous ; the 
small anterior tooth in the right valve is thin and but slightly 
elevated ; the central one stout, triangular and elevated ; in the 
left valve the anterior tooth is stout, somewhat triangular and 
acute, as much elevated as the central tooth, but not so stout 
Palial sinus quite small Color externally, whitish, yellowish, 
or light brownish, variously marked and blotched with dark 
brown, which is sometimes in large radiating bands or spots, 
intermixed with narrow angular lines ; at other times the brown 
markings are so numerous and crowded as to nearly conceal the 
ground color ; within whitish, or with a dark purple stain pos- 
teriorly. 

Length, 1*60 inches, i'48 indies 

Height, 1-66 " 1-36 *« 

Breadth, 120 " 110 " 

Apex to posterior end, 1*46 " 1*25 *' 

La Paz, — Capt J. Pedersen. Forty-two specimens, mostlj 
odd valves. 

This species is very distinct firom all others in its form and 
peculiar broad swollen ridges. It slightly resembles C. subm" 
oricata, especially in color, but in the latter the first ridges are 
lamellar and the later ones much smaller, more numerous, and 
less swollen, while the shell is less beaked, the umboes less swol- 
len, and the anterior edge is much less recurved and shorter, 
but the posterior more pointed. The hinge in C. tumens is also 
much broader and stouter, with the inner edge much more sin- 
uous and the teeth longer and stouter. 
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Chiane succinctcu 

Vemta guooincta Yal , in Humb. Bea d'Orba., toL ii, PL 48, fig. 1, p. 219, 1833, 
(t P. P. Carpenter). 

V. leueodtm Sowerbj, Proc. ZooL Soa Lond., p. 43, 1836. 

V. CaiiformenaiB Broderip, op. dt, p. 43 ; Reeve, loon., PL xi, fig. 35, (non V. 
OaU/omiana Con.). 

v. NuUaOU Conrad, Jour. Acad. Nat Sd PhiL, yii, p. 250, PL 19, fig. 16, 1837 ; 
Reeye, Icon., PL xiii, fig. 49, 1863. 

Ckione aucdncta Carpenter, Bep. Brit Aasoa, 1863, pp. 569 and 620. 

A fine series of tliis species is contained in the collection, 
including about fifty firesn specimens with valves together, and 
over a hundred odd valves of all sizea These show considera- 
ble variation and confirm the synonymy of Dr. Carpenter, as 
given above. 

In this species the shell, when adult, is thick and heavy, 
generally wnite, or nearly so, externally and internally, except 
that there is usually a deep purple stain posteriorly within, and 
often two spots or short triangular radiating bands near the 
apex, which is oft;en purple or brown at tip. The form is some- 
iniat triangular ovate, with the umboes and beaks quite prom- 
inent and recurved. The lunule is sometimes brown, gene- 
rally narrow and ribbed ; the ligamentary area is excavate, 
smooth on the right valve, and oft;en nearly so on the left, 
though more commonly the concentric ribs extend around upon 
it in the form of crowded, more or less prominent wrinkles or 
slight folds ; it is generalljr tinged with light brown or purple, 
on die right valve sometimes striped transversely with deep 
brown. 

The sculpture is quite variable in the prominence and dis- 
tance between both the radiating and concentric ribs, especially 
the latter. Over the umboes the radiating ribs are strong, and 
ei&er alternate with smaller ones, are arranged by twos or mrees, 
or are nearly uniform for some distance ; posteriorly they be- 
come obsolete or nearly so, and in large specimens they grad- 
ually fade out and disappear at 2 to 2*5 inches fi*om the apex, 
where the concentric ribs generally begin to become stronger, 
crowded, and more recurved. The concentric ribs on the 
umbonal region are generally 10 to *15 of an inch distant, 
toward the apex closer, and toward the base closely crowded, 
though not always so. The hinge is very strong, the teeth large, 
and the palial sinus very smalL 

Some of the larger specimens give the following measure- 
ments: 



Lengfth, 


2-86 


inoheB 2-66 


2-76 


2-60 


Height, 


2-86 


" 2-70 


2-15 


2-66 


Breadth, 


1-66 


" 1-60 


1-70 


1-60 



La Paz, — J. Pedersen. It appears to live buried in sand or 
mud with only the posterior end exposed, which is therefore 
more or less worn and discolored in large specimens. 
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Chume undaiella. 

Venua undaUOa Sowerby, Proc ZodL Soo. Lond., in, p. 22, 1836 ; Reeye, Iool, 
xiv, PL 1 6, % 68. 

V. n-igleda Gray, Voyage Blosaom, p. 161, PL 41, fig. 8, 1839, (t P. P. Q\ 

V. simiUima Sowerby, Thes. Conch., zvi, p. 708 ; Reeve, loon., fig. 44. 

V. perdix VaL, Voyage, sur la fVegate la V^us, PL 16, fig. 2, 1846. 

V. subrostrata Reeve, Icon., xiv, fig. 64, 1863, {mm Lam.). 

{t) V. bilineataipars) Reeve, Icon., PL 22, fig. 105 • 

Chione undaieUa De^, Catid. VeneridsQ of Brit Mus., p. 141. 

A large series of this variable species was obtained, which 
shows that several nominal species have been based on charac- 
ters that have no constancy. In its most normal condition it is 
more swollen, less triangular above, with the anterior end less 
produced, and the beaks much less prominent than the preced- 
ing. The sculpture, though variable, is similar, but geoerally 
the concentric ribs are closer and more regular. The lunule 
and ligamentary area are similar, but the latter is perhaps gene- 
rally rougher on the right valve or both. The hinge is scarcely 
different, though somewhat variable with age, but the posterior 
tooth is perhaps generally somewhat longer, and the inner edge 
of the hinge-plate a little more sinuous. The palial sinus, as 
in the preceding, is very small The color is quite variable. It 
is rarely perfectly white ; more commonly externally buff or 
light cream-yellow, with transverse, waved or zigzag irr^ular 
stripes and radiating, often interrupted bands and irregular 
patches and spots of brown, sometimes also of purplish. Some- 
times the brown markings are very light and scarcely distinct, 
the general color being buff ; sometimes the markings are all 
regiuarly deeply angulated or zigzag lines, except on the umboes, 
which are blotched with brown ; the apex is often bright brown 
or purplish ; the broad radiating bands are frequently three or 
four in number and very distinct ; many are merely mottled 
and spotted. Internally there is generally at least a more or 
less extended posterior purple stain; frequently the whole 
interior is tingea with a rich reddish purple, deepest outside of 
the palial line, with the hinge teeth bright red or lilac ; some- 
times the interior is pure whita The lunule and ligamentary 
area are usually stained or spotted with brown, the latter often 
with regular transverse stripes on the left valve. 

In the var. simillima the radiating ribs are much finer pos- 
teriorly, fimbriating the concentric lamellae, but there is also 
some appearance of this in the typical form, and some specimens 
have this form of sculpture for an inch from the apex, beyond 
which it fades out and the lamellae are smoothish, or but slightly 
wrinkled. 



Length, 


2 06 inches. 


1-95 


1-90 


1-80 


Height, 


1-96 " 


1-86 


1-66 


165 


Breadth, 


1-30 " 


1-30 


1*06 


1*10 



La Paz, — J. Pedersen. With the preceding. 
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This species is very closely allied to 0. sucdncta^ and although 
the ordinary adult specimens are quite diflferent in form and 
color, there are specimens which are, to a considerable extent, 
intermediate. It is also nearly impossible to satis£Eictorily sepa- 
rate young specimens, half an inch in diameter or smaller. 

Papyridea buUata Sw. var. Cah/omica, nov. 

In form and color like the ordinary West Indian specimens, 
but perhaps a little more elongated than the average Atlantic 
form. Sculpture also similar in all respects, except that the 
radiating ribs are more prominent in the middle and especiallv 
over the umboes. The hinge shows some differences. In both 
valv^ the anterior lateral tooth is less prominent, narrower, 
and smaller, and the ligament plate is more prolonged and not 
so squarely truncate, reaching to or beyond the center of the 
posterior lateral tooth. The color externally is generally yel- 
lowish-white variously mottled and spotted witn purplish brown ; 
internally white, more or less stained with purple ; one speci- 
men is mottled with orange externally, and stained within with 
the same color, like some of the West IndiaiL The largest 
specimen is 1-76 inches long and 1-88 high. 

La Paz,— J. PederseiL Ten specimens. 

Oardita CuvierL 

Broderip, ZodL Soc, Proa of Comm. of Science, p. 66, 1832. 
Oar^Mok MUMini VaL, V07. Ydnua, PI. 22, fig. 5, 1846. 
AcHmMm Owneri Adams, Genera Rec. Moll., ii, p. 48*7, 1868. 

Four large specimens of this rare and interesting species were 
obtained. They vary but little in form, color, or sculpture. 
In all the beaks are strongly recurved, umboes very prominent, 
the posterior depression strongly marked, the ribs very stout, 
flattened, transversely nodose, with deep square-cut grooves 
between. The color is deep mahogany brown, varying in 
shade ; within white. 

Length, 2*60 inches. 2*10 2*16 

Height, 2*46 " 2*20 2*16 

Breadth, 2*26 ** 1*80 1*66 

La Paz, — J. PederseiL From pearl divers. 

Cardita crassa. 

Gray, Voyage of the Blossom, p. 162, PI 42, fig. 4, 1839, (t. P. P. Carpenter). 
AcHnobohu crassus Adams, loc. cit, p. 487. 

This species appears to be more common than the last It is 
more pointed, witn the beaks less recurved ; the posterior de- 
pression less marked ; the ribs fewer, less prominent, low and 
pounded, with the interspaces, broad, shallow, concave, concen- 
trically wrinkled. Color deep reddish brown ; sometimes with 
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triangular lateral, or posterior transverse spots of yellow, the 
beaks white. 

Length, 1*90 inches. 1-96 *66 

Height, 2-20 ** 210 -67 

Breadth, 1*06 ^ 1*60 -60 

La Paz, with last, — J. Pedersen. 

Loripes edentuhides, sp. noy. 

Closely allied to L. edentula of the West Indies and Gulf of 
Mexico. 

It is subglobose, and much more swollen than L. edmtula. 
The apex is more prominent and curved, and the lunular r^on 
more deeply excavated. The ligament is shorter and its sap- 
porting plate is not so stout, and its inner edge but Utde ele- 
vated above the ligament groove. 

Length 1-65 ; height 1-50 ; breadth 110. 

La Paz, — J. Pedersen. One specimen. 

This is of special interest as another Oulf of California shell 
dosely allied to a characteristic West Indian species. A kige 
series of specimens might, perhaps, connect the two forms, but 
at present it seems necessary to keep them separate. 

XenopJiara robusia^ sp. nov. 

Shell large, elevated, regularly conical Whorls seven (H* 
more, overlapping, bearing large pebbles and fragments of shells 
and corals intermingled, exposea surfieu^es roughly oorrugatelj 
wrinkled, much crowded. Base broad, concave, densely and 
finely corrugated, spirally rudely costate by the lines of growth; 
yellowish brown. Aperture l£^e, the inner lip and odumella 
with a thick, lustrous, deep brown callus, whicm extends into 
the shell Umbilicus closed by the refiexed inner lip. 

Height, 2-36 inches. 1*70 

Breadth, 2-76 " 2'20 

Length of last whorl, '86 " *80 

Near La Paz, — J. Pedersen. Two fresh specimens. 

One of the specimens bears some large fragments of a shell 
that appears to be Chione undcUdlaj the sculpture and color being 
preserved. 

This genus appears to have been previously unknown on the 
west coast 

Miceta Pederaenii^ sp. nov. 

Shell small, rather slender, elongated; the spine regularly 
conical, acute, about two thirds the length of the body whorl ; 
each whorl much flattened below the suture and encircled by a 
row of rounded tubercles ; the body whorl with low, rounded, 
longitudinal cost® below the tubercle& Whole sur&ce finely 
longitudinally sidcated or striated, on the upper whorls also 
transversely striated. Aperture narrow, contracted abovei tha 
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outer Up mucli tliickened, the edge subreflexed, bearing at about 
the upper third a stout tubercle, oelow which it is crenulately 
tooth ea within ; contracted at base bj another small tubercle. 
One specimen, probably immature, lacks the tubercles and 
crenulations ; columella with about seven plaits, the four lowest 
laigest Siphon narrow, a little prolonged and recurved, with 
acute edges. Ck>lor fulvous brown, specked with bluish white, 
with an interrupted band, or spots, of deep brown below the 
suture, a pale band over tiie tubercles and another, bordered 
with brown, below the middle of the body whorL Length 1 
inch ; breadth '60 ; length of body whorl '68 ; length of aper- 
ture -68 ; breadth '12. 

La Paz, — J. Pedersen, Five specimena 

This species is closely allied to the next, but is more slender, 
with the spire more acute, smaller tubercles and costsd, a more 
prolonged and recurved siphon, and more contracted aperture. 
The 8ur£Eice is not smooth and the color is lighter. 

Lyrta {Enasta) OrnmngiL 

Vohda OmimgH^SfoL^ Zo5L Soo. Proc. of Gomm. of Soieiioe, 1838, p. 33. 
L^ria (JBteoto) OmniimgU AdAins, Qenera, p. 167, 1868. 

Our specimens are rather stout and solid, with large swollen 
tubercles and cost», and a smooth polished surfistca The best 
specimen lacks the tubercle on the mside of the outer Up, which 
18 somewhat flaring and much thickened. The siphonal notch 
is scarcely prolonged and not recurved The color is dark and 
rich brown, mottled and spotted with light bluish and flesh-color, 
with Bubmedian and tubercular interrupted paler bands on the 
last whorl and an interrupted band of deep brown spots below 
the suture on the spine ; mterior salmon-color. 

Length 1*88 ; breadth -76 ; length of body-whorl *86 ; aper- 
ture -28 broad ; '82 of an inch long. 

La Paz, — J. Pedersen. Three specimena 

Amonff the other species of special interest are (hdahia tigerina 
(large and abundant), Lucina undata Carpenter, L. eoccavata Carp., 
in several varie:ies, Mdctrdla exoletOj TeUina C^mtn^V (abundant 
and fine), Baeia ufidvkUa (numerous valves), Cyathodonta pliccUa, 
Placunanomia Oumingti (three large specimens), Qmella cedon- 
udU (many varieties of color), Gowas (like textilts), Oyprcea pul- 
chra Kiener (ten specimens), Oyprcea (Luponid) Sowerbyi and 
L. aSmginosa (both in considerable numbers). Cassis tenuis (finely 
colored), Harpa crenata (several varieties of color), Cassidulus 
pcUuhUj etc., all fix>m La Paz and vicinity. 

Note to Oontnbutions to Zoology^ No. V. — ^Li the last number 
of this Journal, page 99, thegeneric name, Oreaster, should be 
substituted for Pentaceros. 1%is change was made in the proo^ 
after obtaining the reference to Pentaceros in Cuv. and Yal, but 
the correction was overlooked by the printer. 



228 Oculds Report on Dnma-Aikmiic Longitude. 



Art. XXYll.— Notice of Dr, Ghmld's Jieport on the Trans- 

Atlantic Longitude,^ 

Dr. Gould's able Report on the trans- Atlantic longitude has 
at last been published. It is ftiU three years, however, since the 
field work to which it relates was finished, and more than two, 
as we learn from a prefatory note, since the paper in its present 
form (except the last chapter^ was ready for the press. Astron- 
omers have waited for it until patience was well nigh exhausted. 
Yet, thankful now that it is at last within reach, they will 
scarcely trouble themselves to press the question, why, or by 
whom, it has been so lon^ withheld, pr whv it is now published 
by the Smithsonian Institution, and not by the C!oast Survey 
itself, under whose auspices the work was done. For ourselves, 
waiving these, and like queries, as probably admitting of sat- 
isfactory answers, or, at least, such as would free the author of 
the Report from responsibility for the unexplained delay, we 
turn rather to the more welcome task of examining the Report 
itself, and laying some of its points before the readers of this 
Journal. 

The paper fills a hundred quarto pages of the Smithsonian 
Contributions, and is one of the most important yet published 
on telegraphic longitude. For not only was the undertaking to 
which it relates among the most difficult and delicate, as well as 
important, of its kind, but the party put upon it brought to their 
task nearly the sum total of all the experience and practical skill 
that had then been developed in this special field ; their chief 
having for fifteen years had exclusive charge of the longitude 
operations of the United States Coast Survey, and his associates, 
liJcewise, a long training in the same service. The Report may 
be tiiken, therelbre, as a good exemplification of the telegraphic 
method in one of its latest and most difficult applications, and 
at the same time, as but a sample of the vast store of similar 
material that has been accumulating under the same hand from 
the entire longitude work of the Survey — material which em- 
braced, before the war, no less than twenty-four independent 
determinations in the Atlantic and Gulf States — and which, 
surely, ought not to be much longer lost to science. 

The Telegraphic method, it is now well understood, is distinc- 
tively American, and has had its chief development in the work 
of our great national Survey. That Survey has, in fact, among 
its many important contributions to science, given to the world 

* The Trans- Atlantic Longitude, as detennined by the Coast Survey Expedition of 
1866. A Report to the Superintendent of the U. S. Ck)ast Survey. By Benjamin 
Apthorp Gould, late assistant Washington City : published by the Smithsonian 
Institution, 1869. New York: D. Appleton k Co. 
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the best methods yet devised of determininff both latitude and 
longitude — ^Talcott's for the one, and the Telegraphic for the 
other; the former, devised in 1834, giving us in a single 
night's work with the zenith telescope, or a transit instrument 
used as such, the latitude to a small fraction of a second, and 
the latter, the longitude, also, for the first time in the history of 
geodesy, with corresponding fisM^ility and precision — a facility 
and precision, taken together, wholly unattainable by other 
methods, and in the case of longitude especially, unapproacha- 
ble even, particularly in extended operations. 

It was not till some years after the telegraphic method had 
been well elaborated here, and in successful use, that it received 
much attention abroad ; and even then, the modes of practice 
recommended as original, by even eminent astronomers, partic- 
ularly in France, were only such as had been long employed in 
our Coast Survey, or superseded by better, and had been pub- 
lished to the world repeatedly, and through various channels. 

Almost simultaneously with the invention of the telegraph 
must have occurred to astronomers the idea of using it in ae- 
termining longitudes. It was natural enough, therefore, that 
Arago should, in 1837, as is said, have suggested such a use of 
it to Morsa But the first actual experiment, so fer as we know, 
was made, on the Baltimore and Washington line, in 1844, by 
comparison of chronometers at the two termini The experi- 
ment was conducted by Captain Wilkes. 

The method had, before this, engaged the attention of Pro£ 
Bache, and he, quick to discern its advantages, in November, 
1846, ordered its use in the longitude work of the Coast Sur- 
vey — ^then in charge of the eminent astronomer, S. C. Walker ; 
who, the next year, made a successful trial of it on the line be- 
tween Philadelphia and Washington. From 1848, on, it was the 
method employed systematically in all determinations between 
points in the United States. Mr. Walker tried both the method 
of clock-signals, used in the experiment between Baltimore and 
Washington, and also the superior one of star-signals, used in 
the Coast Survey practice, almost exclusively, from the first 
Dr. Gould succ^ded Mr. Walker in 1851 ; and in the widely 
extended operations of the next ten years, brought the method 
to a very high degree of efficiency, and, with his aids, acquired 
that thorough mastery of the subject, which so well fittea both 
him and them for the difficult task, the history and results of 
which are set before us in this Report 

Dr. Gould's paper contains twelve chapters : 1, Origin of the 
Coast Survey Expedition; 2, Previous determinations of the 
trans- Atlantic longitude ; 3, History of the Expedition ; 4, Ob- 
servations at Valencia ; 5, Observations at Newfoundland ; 6, 
Observations at Calais : 7, Longitude-signals between Foilhom- 
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merum and Heart's Content; 8, Longitude-signals between 
Heart's Content and Calais ; 9, Personal error in noting signals ; 
10, Personal equation in determining time ; 11, Final result fat 
longitude ; 12, Transmission-time of the signal& 

The expedition had for its object a more exact determinalion 
of American longitudes, as reckoned from a European zero, than 
had jet been made. It was important, for the purposes of the 
Coast Survey, and of astronomical science, that the trans- Atlantic 
longitude should correspond in precision with those determined 
telegraphically witiiin our own borders. The previous determi- 
nations of that longitude whether by moon-culminations, by 
eclipses and occultations, or by chronometers, differed very 
widely from each other. The range of difference was no less 
than nve or six seconds in time. We take for comparison, the 
longitude fix>m Greenwich, of the Naval observatoiy at Wash- 
ington. This depends mainly on that of Cambridge, and this 
Xin, in part, on that of New York, Philadelphia, and other 
^ 3es. Between these points the longitude has been measured 
telegraphically. That between Washington and Cambridge was 
found by Walker, in 1848-9, to be 28" 41» 64, and has never 
been re-determined ; but the link between New York and Jer- 
sey City was determined only geodetically, and that between 
Jersey City and Washington by simple clock-comparisons in- 
stead of the better method of star-signals ; while another geodetic 
link was that of 12' '44, between the Naval observatory and the 
Seaton station in Washington, to which all the telegrapnic longi- 
tudes of the Coast Survey are referred. On account of these cir- 
cumstances, and the omission, besides, in these earlier determina- 
tions, of many of the refinements and precautions since introdu- 
ced, it seems highly desirable, as Dr. Gould suggests, that the 
longitude between N ew York and Washington, which he regards 
as the only weak link in our whole chain of telegraphic longi- 
tudes, should be carefully re-determined. Walker s value, how- 
ever, as here given, is presumed to be very near the trutiL 
Using the above quantities, Dr. Gould finds for the determina- 
tions of the longitude of the Naval observatory from Greenwich, 
which have appeared best entitled to confidence in recent years, 
the following : — 

1. fVom Eclipses and Occultations. — The value adopted in the 
volume of Observations for 1845 is 5** 8" 14»*64. Peirce, in 
1846, from occultations observed by Bond from 1889 to 1841, 
gave 6** 8™ 13* '9. Walker, from all available observations be- 
tween 1767 and 1842, obtained 6** 8°* 14"-16, a value subse- 
quently reduced to IS" '86, by change in the adopted longitude 
of Philadelphia, Cambridge, and Washington. A correction of 
the lunar parallax, deduced by Airy, Walker and others, from 
various ooservations, required a still further diminution of all 
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American longitudes ; so that we have at present from eclipses 
and occultations : 

Walker, corrected value from observations before 1843, 5** 8", 11*'14 
Peirce, from eclipse of 1851, July 28, 1 1*67 

Peirce, from emersions of Pleiades, 1839, Sept. 26, 11*45 

Peirce, " ** " 1856-1861, 1318 

2. From Moon Ouiminations : — 

Walker, from Cambridge obs'tions, 1843-45 6 8 10*01 
Loomis, '' Hudson '' 1838-44 9*3 

Gilliss, " Capitol Hill « 1838-42 1004 

Walker, " Washington " 1845 960 

Newcomb, " " " 1846-60 11*6 ±0*4 

Newcomb, " " ** 1862-8 9*8 

Walker considered 9**96 as the most probable value frx>m 
moon-culminations, and Newcomb assimea 11' '1 as that indi- 
cated by the Washington observations m>m 1846 to 1863, inclu- 
sive. 

8. From chronometers transported between Boston and Liverpool, 

h. m. 1. 

Mean from 373 previous to 1849, 6 8 12*46 

Bond's discussiop of 175, expedition of 1849, 11*14 

Walker's " " ** '* 12*00 

Bond's u u u u 12-20^:1 -20 

Bond's ^ of 52, 6 trips, expedition of 1855, 13-4d:i:0a9 

The new telegraphic determination of the longitude between 
Liverpool and Greenwich adds 0**06 to all these values. 

The discordance of the most elaborate and trustworthy 
results obtained by the old methods is thus seen to exceed four 
seconds. The value employed by the Coast Survey ftx)m 1862 
to 1859 was &" 8" 11-2 ; since 1859 it has been 5^ 8» 11-8. 

This great uncertainty of the trans-Atlantic longitude — from 
80 to 60 times greater than that of our Coast Survey determi- 
nations—required that the earUest opportunity presented by the 
successful laying of an ocean cable should be seized for determin- 
ing tliis longitude telegraphically, and with all possible precision. 
Measures were early taken to use, for this purpose, the cable of 
1858, and, again, that of 1865; but, of course, in vain. In 
1866, however, the cable of that year, and the recovered cable 
of the year before, afforded the desired opportunity. The expe- 
dition, organized under authority of tne Coast Survey, was 
directed by Dr. Gould, and composed of oflScers of the survey, 
who were among the most skilled in longitude work. Messrs. 
Gould and Mosman went to Valencia, Ireland, Messrs. Dean and 
Goodfellow to Heart's Content, Newfoundland, and Messrs. 
Davidson and Chandler to Calais, Maine ; for, the complete solu- 
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tion of the problem in hand, required the determination of three 
separate longitudes: 1, between Greenwich and Valencia; 2, 
between Valencia and Heart's Content, and 3, between Heart's 
Content and Calais, the easternmost station of the series con- 
nected by the telegraphic determinations of the Coast Survey. 
The first was accomplished by the ready co-operation of the 
Astronomer RoyaL The second and third involved the princi- 
pal labor, and presented the chief difficulties. 

And these difficulties were by no means trifling. Wretched 
climate, defective land lines, unprecedented distance, with other 
untoward conditions, all conspired to render success by no 
means easy. Neither Valencia, nor Newfoundland, had, it 
would seem, any attractions for an astronomer. At Valencia, 
the observers were informed, on their arrival, early in October, 
that it had rained every day, without exception, for eight weeks. 
It was not until the 14th that any instrumental a^ustments 
whatever, could be effected. During the seven weeks of their 
sojourn " there were but four days on which no rain fell, and 
there was but one realljr clear night during the period while the 
instruments were in position. The observations were, in gene- 
ral, made during the intervals of showers ; and it was an event 
of frequent occurrence for the observers to be disturbed by a 
copious fall of rain while actuaJlv engaged in noting the transit 
of a star." The climate of NewK)undland appears to have been 
no better for astronomical work than that of Valencia. Messrs. 
Dean and Goodfellow reached Heart's Content on the 20th Sep- 
tember, but saw neither sun, moon, nor stars until the 16th 
October, when they made their first imperfect adjustments of 
the transit and clock. In such circumstances, it is certainly 
most creditable to the skill and energy of the observers, that so 
many and excellent obser\'ations were obtained, as are discussed 
in this report 

The most formidable difficultv encountered, however, was 
the defective condition of the long land line of 1,100 miles 
between Newfoundland and Maine. On this line there were no 
less than four " repeaters," or double relay magnets, and two 
stations at which messages were re-written, without even an 
automatic " repeater," until these indispensable instruments 
were furnished for those stations by Mr. Davidson. But even 
with these provided, and with the most laborious precautions 
taken in other respects, all efforts at direct communication 
proved unavailing, day afler day, and week after week. Mr. 
Davidson's health becoming impaired, his place at Calais was 
taken by Mr. Boutelle, one of the most experienced officers of 
the survey. Singularly enough, it was only a couple of hours 
before his arrival, on tne 11th December, that, suddenly, the 
long-desired commimication was found to be established. '^ A 



QouHb Beport on Trans-Ailcmtic Longitude, 288 

sharp frost had thrown the otherwise defective line into a con- 
dition of admirable insulation, .so that an interchange of clock 
signals was effected without difficulty." The signals afterward 
obtained over this line were, in the main, quite satisfectory, and 
sufficiently numerous to ensure a trustworthy result ; still this 
third link in the chain of longitudes is undoubtedly its weakest 
part 

A further difficulty was presented by the unprecedented 
interval between the meridians ; necessitating the use of simple 
clock-comparisons instead of star-si^als, and preventing the 
interchange of observers for eliminating the effects of personal 
equation. Star-signals — L a, signals transmitted at the instant 
a given star passes the several wires of the transit instrument, 
first at one station and then at the other, and r^stered at both 
— ^have these advantages over mere clock-signals — ^beats sent 
fix)m each station and similarly registered — ^that they give 
results independent of the star's right ascension, which, can- 
not be said of the other; that, unlike the other, they are 
independent also of absolute time-determinations, though not 
of instrumental errors ; and, finally, that they yield results affect- 
ed only by the clock's rate, and not its error, in the inter\'al of 
the star's passage between the two meridians. Where this inter- 
val is large, as in the case before us, the spjecial advantage of 
star-signals mainly disappears ; and even if it did not, they 
would require too protracted an occupation of the cable, and in 
the climate encountered, or indeed, in any climate, the chances 
would be great, with an interval of three hours, against the 
same star being observed at both stations. 

With the superior catalogue of time-stars, however, which 
had been prepared, and with the careftil experiments for per- 
sonal equation which were made both before and after the expe- 
dition, there was good reason to believe that, even with the clock- 
method, necessarily used, no sensible, or at least, considerable 
error depending on the right ascensions would be introduced, nor 
any, also, arising fix)m uneliminated personal equation. That 
this was true, in both cases, the discussion of these points in 
the report seems conclusively to show. 

Still another serious obstacle in the way of accurate longi- 
tude determination was the absence of any means for the auto- 
matic registration of the signals received ; inasmuch as the loss 
of time in noting the signals was, in the method employed, not 
only considerable, but quite uncertain. The most sensitive 
electro-magnet tried, could not be actuated unless by a charge 
of the cable too strong to allow the transmission of signals with 
sufficient rapidity. When the Valencia clock was breaking 
circuit during an eighth part of every second, a permanent 
deflection only was observed at ^Newfoundland. 
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The instrument actuall j employed for receiving signals was Sr 
W. Thomson's very ingenious reflecting galvanometer, the con- 
stniction and performance of which are thus described ''A 
small mirror, to the back of which is attached a pennane&t 
magnet, the joint weight of the two being from five to six centi- 

Sams, is held, by means of a single fiber above and below, in 
e center of a coil of fine wire, which forms part of the gal- 
vanic circuit ; and its position and sensitiveness are r^ulated 
by movable bar-magnets placed in the immediate vicinitv. 
Upon the mirror is thrown a beam of light through a slit m 
fi*ont of a bright kerosene lamp, and the deflections of the 
needle are noted by the movements of the reflected beam, 
which is received upon a strip of white paper. The exquisite 
delicacy of this galvanometer, as well as the electrical excel- 
lence of the telegraph cables, may readily be appreciated after 
the beautiful experiment in which the electricians at Yalends 
and Newfoundland conversed with each other on a circuit not 
far from 700 myriameters (4,320 statute miles) in length, formed 
of the two cables joined at the ends, using a battery composed 
of a percussion gun-cap, a morsel of zinc, and a drop of acidu- 
lated water." 

It is obvious that, with this instrument, there must be an 
appreciable loss of time in noting signals, due to inertia of 
needle, etc., which would be avoided, or more definitely mea- 
surable, with an automatic register. But no such roister was 
available. Fortunately, this loss, as is shown in the chapter on 
"Personal error in noting signals," proved to be more constant 
and measurable than was anticipated, and, aflfects the final 
result only in a very slight and limited d^ree. A veiy deli- 
cate automatic receiving apparatus has since been suggested by 
Dr. Gould for recording tne signal on the chronograph, by 
contact of the galvanometer needle, whenever slightly denected, 
with wires placed close on each side of it, and properly connect- 
ed with the battery. 

The other instruments used were the r^ular apparatus of the 
telegraphic party of the Coast Survey ; at each station, a 46-inch 
transit instrument, with reversing apparatus, and a reticule of 
five " tallies," of five spider lines eacn ; a chronograph, (Bond's 
" spring governor," at Valencia and Heart's Content, and a 
" Kerrison's regulator" at Calais ;) and a circuit-breaking clock. 
Upon all the chronographs one pen, which is constantly tracing 
a line upon a revolving cylinder, records the signals, both (n 
the clock and of the observer, by offsets from this normal line. 

At Valencia, observations were obtained on fifteen nights, 
on no one of which was the sky unclouded. " On only two of 
the five nights on which longitude signals were exchanged 
with Newfoundland, was it possible to obtain observations iS^ 
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bange, and this was possible, too, on only one of the 
^lits, when signals were successfrilly exchanged with 
icL Fifty-three complete transits were observed over 
threads; on and after November 6th, by Mr. Mosman 
on the 26th and 28th October, by Dr. Gould ; at other 
Y both. The clock corrections, however, whenever dob- 
rere deduced from Mr. Mosman's observations; wnen 
se, a constant correction of — ©••08 was applied to Dr. 
For both clock correction and aidmutn, the condi- 
quations were solved by the method of least squares, 
>d introduced into this branch of the coast survey work 
Gould, and an important means of giving precision to 
graphic longitudes. We are indebted, maeed, to this 
b astronomer for the particular notation and methods of 
tion and reduction, which have been employed in the 
ie work of the coast survey since it came under his 
and which are described in the C. S. Keport for 1868. 
knsit observations are given in ftdl, with their reduo- 
r the groups immediately preceding and following the 
le-signals, and with the nonnal equations and resmtant 
br each group. 

ince at these observations reveals at once, in the small 
is, both the accuracy of the star-places and the skill of 
ervers. For, necessarily, different sets of fundamental 
r clock and instrumental corrections were employed at 
-> stations, owing to their distance, and also at the 
ation on different nights, owins to the various hours 
b the signals could be exchanged Considering all the 
able circumstances, the degree of precision attainded is 
y remarkabla This must be attributed, m great part 
to the extreme accuracy of Dr. Gbuld's own careralhr 
;ed catalogue of fundamental stars, pre]^ired in 1862, 
use of the longitude parties of the Coast Survey, and in 
id edition, furnishing still more precise places, especially 
impolar stars. 

>bservations at Heart's Content, and at Calais, for time 
Tumental corrections, were made, as at Valencia, in very 
able circumstances, yet, similarly, exhibit remarkable 
nee. Fortunately, at the former place excellent series of 
were obtained, lioth before and after every exchange of 
ie signals, whether with Valencia or with Calais. At the 
lace, however, the clock gave serious trouble as well as 
ther ; yet the observations, though not as good as could 
ed, proved to be much more accordant than might have 
pected in the circumstances, and give, it appears, a small 
e error of the final result 
^tude signals were successfdUy transmitted between 
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Foilhoramerum and Heart's Content on but five dates ; October 
26th and 28th, and November 6th, 6th, and 9tL The method 
of giving and receiving these signals is thus described in the 
Report We quote at length, that a clear understanding may 
be obtained of that portion of the operations on which the pre- 
cision of the result chiefly depends. 

" Three series, of two sets each, were exchanged on every occa- 
sion ; each set consisting of ten signals alternately positive and 
negative, at intervals of about five seconds, except that the fifth 
ana eighth were preceded by pauses of ten seconds, which was 
also the interval between the two sets. The purpose of this 
arrangement was to discover whether the velocity of transmis- 
sion was perceptibly affected by a longer time "being allowed 
for the caole to recover its electrical ecjuilibrium, and also to 
&cilitate the identification of the individual signals. • Some 
slight convenience in the practical details also arose fix)m the ci^ 
cumstance that each set occupied one minute, and that each series 
consisted of ten positive ana ten negative signals. Those sig- 
nals were considered positive by which the platinum was put m 
connection with the cable and the zincode with the ground. 

In receiving the signals, the observer (Mr. Dean at Newfound- 
land, and myself at Valencia) watched the deflections of the 
light-spot, while his thumb rested on the button of a delicately 
adjusted break-circuit key, which was pressed at the instant in 
which the deflection was perceived. This instant was thus 
recorded upon the chronograph, after a certain amount of delay, 
which we will call the personal error of noting, and which 
depended upon a consiflerable number of influences to be dis- 
cussed hereafter. The keys by which the signals were trans- 
mitted were made by the American Telegraph Company, under 
the supervision of Mr. Dean, and ai*e constructed according to 
the arrangement devised by Prof. Thomson for the Athmtic 
Telegraph, in such a manner that pressure upon one button 
produces a positive, and upon the other a negative signal, while 
no current flows at other times. To this anungement an addi- 
tional contrivance was applied by which the local circuit to the 
chronograph passed through the same key, and was interrupted 
by pressure upon either button, so that every signal transmitted 
tlirough the cable was recorded upon the chronograph at the 
station whence it was sent 

It is thus manifest that the times of sending the signals were 
accurately rworded, while the times of receiving signals were 
recorded after an interval of time dependent on the personal 
error of noting, and inseparable from the time of transmission 
through the cable, except by some independent means of meas- 
urement If this interval were the same for both observers, it 
would be eliminated entirely from the longitude and merged 
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le time of transmission. Otherwise it would effect the 
Qt longitude by one-lialf the difference between the per- 
rrors of noting for the two observers. Happily it proved 
ery nearly the same for Mr. Dean and myself, and also 
•able ; so that it has been possible to eliminate its influ- 
om the measure of velocity, as weU as from the longi- 
—JRep,, p. 64. 

relations of the several quantities derived from the obser- 
;, and entering into the final results, are expressed in the 
ng equations : in which T and T denote the clock times 
sncia and Newfoundland, respectively, M and ^f the clock 
X the transmission time of the signals, and ^ the longitude ; 
uantities being aLso distinguished by a subscript , and , 
iencia and Newfoundland signals respectively. Including 
e personal error of noting signals, the signals given and 
id at Valencia at the time T^ will be registered upon the 
iindland record at T'j 'zzTj+'^^i — -^^i'— *+«i and thesig- 
ven and recorded at Newfoundland at T^ will be regis- 
ipon thS Valencia record at T^zzira'+ii^a'^A^a+H^Xj. 
he comj)arison of the records of Valencia signals, at die 
itions gives T^-'T^'zzlM^' — a^j+X— oj^^ whfle the com- 
i of the records of Newfoundland signals gives 

nsequently 

^e assume the personal error of noting to be the same for 
observers, and the signals to travel with equal velocity 
two directions, the term a;,— x^ will disappear from the 
[nation, while the second will give a measure of the sum 
transmission-times and the personal errors of noting, 
several quantities above indicated are given in detail in 
port for fche different series of signals, and exhibit excel- 
icordance in the results. There appears to have been no 
nee of clock rates to affect the decluced value of x^ nor of 
y for eastern and western signals to require a correction 
spending on the clocks. 

resultant values for the longitude, subject, however, to a 
;ion for personal equation in determining time, are as fol- 
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66*465 
66-481 
66-460 
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The mean interval between the moments of giving the sig- 
nals and of their record upon the chronograph sheet is simikr^ 
found to have been 

October 2«, 0«*62 ± 0*-008 

28, 0-64 i)10 

November 6, 0*69 "004 

6, 0-66 -007 

9, 0-64 -006 

in which the quantities appended are the probable em>n of the 
respective determinations as deduced fix>m the total results of 
the several sets, there bein^ six sets for each determinaticm 
except that of November 6th. 

Between Heart's Content and Calais the clock signals were 
much less satisfactorv ; being obtained only on four niffhts, on 
only two of which the clock errors could be determined either 
immediately before, or soon after, the exchange, and on one 
of these two there was special trouble from ue dock. By 
some misunderstanding, also, the signals were not exchangea 
strictly according to programme, and thus a further source of 
uncertainty was mtroduced from the partial confusion oocasioned 
in the record, and the greater difficulty of eliminating personal 
equation. The resulting longitude and time of transmission 
exhibit, however, better accordance than was to have been 
expected, and are as follows (subject to a correction for penonal 
equation) : 



1866. X 


& 


December 11, 0^ 66"> 87'-89 


0»-24 


12, 87-68 


0-81 


14, 87-84 


0-27 


16, 87-78 


0-28 



From the description of the mode of receiving signah, 

a noted on page 286, it will be seen that there is introduced, in 
U the observations, a special error due to the different methods 
employed at the two stations of recording a given aignaL 
This is called in the report, " the personal error of noting?^ It 
is the interval between the arrival of the signal at the galvan- 
ometer and its record on the chronograph ; for it will be re- 
membered that the signal sent through uie cable does not pass 
at once, automatically, to the chronograph, as at the transmit* 
ting station, but reaches it only through the mediation of an 
observer, who, after noticing tne deflection of the light-spot 
from the galvanometer, sends a second tel^raphic signiu to ma 
own chronograpL The whole interval, ac, therefore, which 
elapses between the giving of a si^al at one station and ito 
chronographic recorcf at the other, is made up of aeveral parta 
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QoiMa Report en TrafM-AtkLntio Longitude. 289 

Bse partSf as given in the Beport, consist of the time requi- 

.. For the signal to arrive at the other station. 
1. For the g^vanometer needle to move through a percepti- 
arc 

I. For the observer to notice the motion and tap his break- 
jiiit key. 
t. For this observation-signal to be recorded upon the chrono- 

k 

these the second and third constitute the '* error of not- 
," which is, therefore, partly instrumental and partly per- 
al ; the one due to the inertia of the galvanometer-magnet, 

otiier bein^ the " transmission-time '' along the nerves fix>m 
\ to brain, through brain, and thence to finger-tips ; consist- 
•, therefore, of three distinct intervals, viz. : 1, between phe- 
nenon and perception ; 2, between perception and volition; 
between volition and giving signal The sum of these three 
ervals, according to uie experiments made by Dr. Gould, 
dd hardly exc^, for gooa observers, 0«'8 ; which would 
e for velocity of transmission through nerves about 18 feet, 
less, indeed, some considerable time is occupied in the act of 
lition after perception, as seems probable from the experi- 
ints of de Jaager and HirscL Helmholtz made the velocity 
nerve-sensation in the fix)g (dead), by different experiments, 
and 89 feet per second. Dr. Schelske found that velocity in 
» nerves of common sensation and along the spinal com in 
ing men, to be about 97 feet Others make the velocity not 
»re than half as great 

With respect to the four intervals which make up the quan- 
^ x, it is remarked that, if equal at the two stations, they 
some wholly eliminated in the resultant longitude; if un- 
oal, the longitude must be increased by one half the excess 
their sums for westward simals. In either case, the opera- 
ns for longitude give only tneir total sum at the two stations, 
le chronographs at both stations being similar, it mi^ht be 
»amed tlutt uie time lost by both in making the recom after 
3 key is tapped would be the same ; and repeated examina- 
•ns showed that this was sensibly the case. It therefore 
comes eliminated in the resultant lon^tude ; as does also the 
iDsmission-time through the cable, if sensibly the same in 
th directions ; as Dr. Gould shows that it ia 
The method employed for determining the " error of noting" 
18 alike ingenious and successfuL It was by carefdllv ob- 
Ting a senes of signals similar to those exchanged for lonffi- 
le, and so arrangeid that both the original signal and uie 
servation of the consequent deflection were recorded on the 
ne cluronograpL The similarity requisite in respect to 
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intensity of current, was secured by an in^nious adjustment 
of battery force to both galvanometer ana chronograph, by 
means of a divided circuit, the branch of it through the galvan- 
ometer being a German silver wire so fine as to give an inten-. 
sity, as compared with that in the other branch, of 1 to 100 ; 
the requisite reduction. Other equally skillful devices secured 
similarity and freedom from error in other respects. 

These experiments showed the range of variation of this error 
of noting for different individuals to be very small ; the mean 
error for Dr. Gould at Valencia being 0«-27l, and for Mr. Dean 
at Newfoundland, 0«*835 ; the difference being due to the gal- 
vanometer, probably, rather than the observer. The sum of 
the two 0''606, is the quantity to be deducted from the value of 
aji + r»| to obtain the true time of transmission, and half their 
difference, or 0*"032, that to be deducted from the longitude after 
all other corrections are applied. 

In conducting these experiments a very curious source of 
error was detected, in the effect of hearing the click of the 
key, upon observations supposed to depend only on seeing the 
deflection of the needle. This is a point of so much import- 
ance to observers, that we quote the suggestion of the Report, 
" that a very marked effect upon the observation of transits of 
stars is likely to be produced when the chronograph is in the 
same apartment, so that the regular beats of the magnet are 
audibla When the intervals between the transit-threads are 
approximately multiples of half a second, the tendency is very 
great so to tap upon the observing key as to produce a rhyth- 
mical beat in the armature ; and when the interval differs from 
the multiple of a second, the occurrence of that magnet-beat 
which records an even second oflen precipitates the tap of the 
observer, whose nerves are in keen tension awaiting the instant 
of bisection. Only a strong effort of will can obviate these 
perturbing influences — which are akin to those exhibited in the 
measurements just described." 

This curious effect seems to show that eye and ear do not 
report to the brain with the same promptness, and that, when 
addressed simultaneously, the mind cannot recognize which 
makes the report, but takes that of one or the other, or both 
together, indiscriminately, the range of uncertainty being equal 
to the difference in promptness of the two senses. Possibly 
part of the effect may be due to a definite lapse of time between 
the occurrence of the audible and the visible signal ; which, 
however, should give a more constant effect 

Want of space compels us to pass the interesting chapter on 
" Personal equation in determining time," with simply the remark 
that the ordinary methods of measuring that equation being 
inapplicable, by reason of the distance ana other oircumstanceB, 
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comparisons were made between the observers for this purpose 
as soon as practicable after their return; and the yalues 
deduced, though in many respects quite unsatisfactory, were 
adopted as the best approximation that could be obtained for 
the diflTerent observers. They, are these : 

Gould — Mosman =4-0"*02 

Dean — Mosman =4-0'll 

Qoodfellow— Dean =+ 014 

Boutelle — Qoodfellow =— 0*14 

Boutelle — Chandler =— 0*04 

A special arrangement, by which it was intended to entirely 
eliminate personal equation at Heart's Content, unfortunately 
&iled through some misapprehension of the observers. The 
fact, however, that they had been in the practice of observing 
together for many years and had always found the equation 
between them to vary betwe^i very narrow limits, on the two 
sides of zero, rendered the failure of little practical consequence. 

We hasten to give briefly the final results for longituae. 

Between Foilhommerum and Heart's Content we have for the 
several dates, after corrections applied : — 

1866, Oct. 26, 2^ 61» 66»-467 

28, '468 

Nov. 5, -456 

6, -481 

9, -460 

The final longitude deduced, after correction for personal 
equation in determining time, Dean — Mosman— +0*'ll, and in 
noting signals. Dean — Qould= -hO'08, becomes 

Between Heart's Content and Calais, the results, similarly cor- 
rected, are for the several dates : — 

Dec 11, O** 66™ 37»-08 

12, [37-63] 

14, 37-84 

16, 37-82 

And the final result, corrected by — 0*-14: for personal equation 
between Boutelle and Goodfellow, and omitting Dec. 12, is — 

1=0^ 66°* 37»'72 

Between Greenwich and Foilhommerum, the longitude was 
obtained by satisfiatctory signals on two nights, and compared 
with two previous determinations by Mr. Airy for other points 
at Valencia, by short geodetic connections. The two nights 
el^changes gave 

Am, Jour. Sci.— Siooim Sebibs, Vol.XLIX, No. 146.— Mabch, 1870. 
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A. X, 

1866, Nov. 6, 0»» 41™ 33»-306 0»-115 
13, 33-280 0-110 

Mean, 41 33*29 

This diflfers by — 0"10 from that adopted by Mr. Aiiy as 
deduced from the great chronometric expedition of 1844, and 
the telegraphic determination of 1862. 

The combination of the three longitudes thus determined, 
gives — 

Greenwich — Foilhommerum, 0** 41" 33**29 

Foilhommerum — Heart's Content, 2 01 56*54 
Heart's Content — Calais, 55 37*72 

Greenwich — Calais, 4 29 7*55 

" The Valencia observations having been made by, or refer- 
red to, Mr. Mosman throughout the whole period, his personal 
equation is eliminated ; the equation between Messrs. Ooodfel- 
low and Dean, always small, may be regarded as trustworthy, 
and by a happy coincidence the personal equations of Mr. Bon- 
telle on the west, and of Mr. Mosman on the east, seem to be 
almost identical, so that even a total disregard of this quantity 
would have resulted very nearly in its perfect elimination, the 
oceanic arc being diminished and the land arc increased, each by 
about 0-14." 

The only probable influence of personal equation in the 
entire longitude-measurement, compnsing, as it does, three-six- 
teenths of the whole circumference, lies in the difference between 
the observations of Messrs. Dunkin and Boutella 

The longitude of Calais, as heretofore telegraphically deter- 
mined, is as follows : — 

Calais—Bangor, 0** 6°» 0*'31 

Bangor — Cambridge, 9 22*09 

Cambridge — New York, 11 26*07 

New Yorit — Washington, 12 15'47 

Calais — Washington, 39 4*84 

whence we have 

Greenwich — ^Washington, 6** 8"* 12»"39 

The Seaton Station being 12" '44, and the dome of the Capi- 
tol 10" '17, east of the Naval Observatory, to the center of the 
dome of which the preceding value refers, we have as their lon- 
gitudes from Ghreenwich — 

Seaton Station, 6^ 7" 59»-95 

Capitol, 5 8 2*22 
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From the &ct8, aa exhibited in this report, there would seem 
) be every reason to believe that this result is within a very 
nail fraction of a second of the exact lon^tude, and that the 
nail probable error, whatever it may be, is mostly due to the 
eakest link in the whole chain — ^tJiat between Newfoundland 
id Calais. 

The indiscrimitiate mean of all the chronometer determina- 
Dns, as given early in this article, using the numbers of chro- 
^meters as weights, is 5*^ 8™ 12*14 ; leaving out Bond's first 
iscussion of the 175, it is 6*^ 8"* 12'-S7. The mean of Peirce's 
vo from occultations of Pleiades, without regard to weight, is 
* 8" 12'-29. 

We r^ret that we have not room for even a brief abstract of 
16 valuable closing chapter on the transmission-time of signals, 
at are compelled to dismiss it with barely stating the gene- 
il result and some conclusions with respect to a few points, as 
eiived from the experimenta 

The transmission-tune by cable, after correction for personal 
PTor in noting signals (O^'SOS), was found to be for the several 
ates: — 

B66, October 26, 0**814 Cable of 1 865, with earth and condenser. 

28, •848 " " " " " " 

November 0, *280 Both cables, no eartL 
6, "248 " " " ** 
9, 0-240 " " " ** 

The battery-strength on these nights was as follows : — 

October 25, 10 cells at Valencia, 10 cells at Newfoundland. 

28, 10 " " " 10 " ** ** 

November 5, 8 

6, 8 

9, 4 

From these results the inferences seem warrantable, 1st, that 
16 velocity of transmission is greater when the circuit is direct 
ad consists of a good metamc conductor exclusively, than 
hen the signals are given by induction, although the earth may 
e at the other electrode ; and 2d, that an increase of intensity 
I the electromotive force is attended by an increase in the ve- 
xjity of propagation of the signal 

From the observations for longitude, and from other experi- 
lents made with special reference to particular points, the fol- 
)wing general conclusions were reached. 

'^ It appears manifest that not an electrical charge or discharge, 
ut simply an electrical disturbance, is requisite for transmit- 
Lug a signal ; that an inductive impulse, sufficient to deflect \h& 
alvanometers employed, was transmitted through one cable, 
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having at each end a condenser yd\h 10 cells, in somewliat leas 
than the third of a second, five seconds after die transmisaion of 
an impulse of the opposite sort ; that with a circuit formed by 
the two cables, a smaller electromotive force sufficed to trans- 
mit the signals with yet neater rapidity ; that the signals trav- 
eled more rapidly through a cable which had not recovered its 
electrical equilibrium after a current of the opposite character; 
and that the speed of the signals is modified by the earth-con- 
nections, more readily than oy changes in the battery-power. 
And the very marked differences, found in the rates oi trans- 
mission, between sisals given by completing an interrupted 
circuit and those given by interrupting a closed circuit, may 
perhaps lead to investigations which willafford an explanation. ' 

C. S. liYMAN. 



Art. XXVIEL — Meteors of NoveTnber^ 1869 ; compiled by BL A. 

Newton. 

The cloudy weather in most parts of the United States and 
Europe prevented continuous observations of the November me- 
teors, at the time of their return in 1869, by nearly aU those 
who were watching for them. The observers, m the rew stations 
where the skies were clear, furnish, however, ample testimony 
to the appearance of unusual numbers on the morning of Nov. 
14th. Tne display, moreover, like that of 1868, continued for 
several hours. I give below the particulars of the observations 
at various placea 

\, At New Haven, — Two members of the Junior Class, Messrs 
C. B. Dudley and R P. Maynard, saw, through openings in the 
clouds, six meteors, between 4** and 5** on the morning of the 
14th. Some of them had the peculiar trains belonging to the 
November meteors. On the next morning, Nov. 15tn, the sky 
was nearly overcast, but between 8** and 8** 45", we saw eight 
meteors, four of them conformable. During the rest of the 
morning the sky was overcast, and even in this interval it was 
at no time more than one third clear. 

2. A similar failure, nearly or quite complete, is reported by 
Prof. Eastman, at the U. S. Naval Observatory, Washington, by 
Mr. Marsh and Mr. Taylor, at Philadelphia, oy Mr. Fuertes at 
Stamford, Conn., by Mr. Boemer, at Vevay, Ind., bv Pro£ 
Eockwood at Brunswick, Me., and by various others wno were 
in readiness to make observations. 

8. At Pensacolaj Florida, — To the courtesy of Commodore 

Sands, Sup*t of the U. S. Naval Observatory, we are indebted 

for a letter of Commander Wm. Gibson, fix)m Pensacola. He 

says that the night of tlie 18\\i-14:\!ti ^w^ ^^Ls^/^^^ksi^ ^sni^ht and 
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dear, and that the shooting stars were observed in extraordinary 
numbers, fixrai l** 15™, a. m., until dawn, most numerously be- 
tween S^ and 4^ a. m. It was difficult to give the tiverage per 
minute. It varied from two or three to twenty or thirty, or 
more, the star-showers flashing and intermitting like the bursts 
and pauses of a gusty rain. In magnitude they varied from 
mere moving points of light, to those which were larger than 
Jupiter. One train remained visible at least 50 minutes, drill- 
ing slowly to the northward. 

4. Upon the Pacific Ocean. — ^To the courtesy of the Secretary 
of the Smithsonian Institution, we are indebted for a letter of 
Mr. Alexander Evans of Elkton, Md. 

On the morning of Nov. lith, he was upon the Pacific 
Ocean, lat 8^ 30' N., and long. 84° 80' W. He watched from 
two till four o'clock, when the sky became overcast Between 
these hours the sky was partly covered. The display was, he 
says, quite equal to that of 1868 which he observed throughout 
He thought tnat the radiant point was not as last year, in the 
center of the sickle in Leo, but a little more to the eastward 
between the stars ii and y. There were several nonconformable 
meteors whose radiant seemed to be the zenitL 

5. At Santa Barbara, California. — To the courtesy of Prof. 
Peirce, Superintendent of the U. S. Coast Survey, we are in- 
debted for the observations of Mr. Geo. Davidson, Assistant, 
and Mrs. E. Davidson at the Coast Survey station, at Santa 
Barbara (lat 84° 24', Ion. 7»» 59"). Between 1»» 18«, a. m., 
and 8*» 43"> on the morning of Nov. 14th, they counted 556 
meteors. The following table represents the number of meteors 
seen by the two observers per minute. They are taken fix)m 
the diagram forwarded by Pro£ Peirca 
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Mr. Davidson says, " the night was beautifully clear, the 
moon being ten davs old, and 4° south. I was called at 1*> 10", 
A. M., up to which time 22 meteors had been seen. After 
S** 43'", A. M., watch was kept for any unusual display, but the 
numbers gradually diminished. Some of the meteors were 
very brilliant and left persistent traina About half a dozen 
meteors were observed moving in directions toward the radiant 

"At 2'» 83™, A. M., I observed a brilliant meteor start from a 
3oint above, and a little to the left of the pointers ; it left a 
>ersistent train and disappeared at a point about 9° or 10° 
ibove Folam, and 6° to tie right The tram ^«a 6P m\«Qjg2Q.\ 
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gradually it took a wavy form ; then curved until it fonned 
two-thirds of an irr^ular circle, and was 3^ in diameter and 
half a d^ee in widtL I examined it with a good binocular, 
and found it not of uniform density, but having open spaces in it 
It remained visible 8^ minut^ and in that time apparently 
moved in a line toward the radiant point in Leo, over a space 
of 8^" 

The small number of meteors reported above as se^ 
between 2*> 80™ and 2*» 40"» was due to Mr. Davidson's being 
engaged in watching the train of this meteor. 

At 1*» 15™ Mr. S. R Thockmorton, Jr., saw a meleor appear 
and disappear without apparent motion. It was about two 
degrees above and to the left of the bright star in the blade of 
the sickla 

6. At Fredericton, K R, (lat 4:6'' 8', Ion. 66' 45').— A watch 
was kept up by relays of students of the University of New 
Brunswick, throughout the night of Nov. 18th, 14th. They 
report the times and general directions of the individiuu 
meteors, with duration of flight, brilliancy, Ac The following 
table of the numbers seen in each 10 minutes of the night is 
compiled from their report 

Number of mMeors seen cU F)reder%ctont K B,onihe nighi of iVbv. ISA, t4A. 



Hour. 


Om_iom 


10m-20°» 


20n»-30m 


30™ 40™ 


40»n60«n|60»60tt 


Total 


7— 8 








1 


1 


1 


8 


8— 9 


1 


1 


3 


1 





1 


7 


9—10 








1 


1 


1 


2 


6 


10—11 


4 





4 


3 


2 


6 


18 


11—12 


8 


12 


4 


6 


6 


8 


39 


12— 1 


10 


6 


4 


6 


8 


26 


69 


1— 2 


6 


18 


6 


8 


12 


17 


67 


2— 3 


11 


10 


26 


32 


37 


80 


136 


a— 4 


24 


44 


23 


56 


21 


14 


181 


4— 6 


22 


SO 


28 


36 


34 


18 


167 


5— 6 


26 


31 


20 


16 


22 


20 


134 


fr— 7 


1 


30 


4 






14 


Total in 


11 hour 


8, 


830 



The observations were made by three parties, each watching 
for two successive hours. Messrs. Byers, Crozier, Stone, Con- 
nell and Williston watched from 7^** to 9** and from 1"* to 8^ 

A second party, consisting of Messrs. Vanwarts, Cliff, Wort- 
man, Belyea, an^ Lawrence, watched from 9"* to 11** and from 
8^ to 6**, and a third party consisting of Messrs. Willbur, Sco- 
vil, Chandler and Walker watched from 11** to 1** and from ? 
to 6i**. Only four persons were, however, observing at any 
one time. 

7. In Mngland. — The cVouda TOe^^^Xfti obs^rvetiooa for most 
of the time in Great "BrileiBL A.\. Qi\aaigyN^^^* K.^^«ss^Mi^ 
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and Mr. Robert McClure had a tolerably clear sky from half 
past 4 till half past 5. 

"Meteors of the brightest class of the November shower, hav- 
ing luminous streaks, were crossing the sky at the rate of about 
40 in an hour, for one observer, corresponding to a rate of fre- 
quency of at least one hundred per hour, in 5l the skv. The 
apparent paths of thirty of these meteors were recordea upon a 
map, by tneir course amone the stars, and the direction of their 
flignt was from the usuai radiant point in the constellation 
Leo. * » # « 

** A clear view of the sky was again obtained towards eleven 
o'clock on Sunday night, when a single shooting star, passing 
from Gemini to Taurus, and leaving a faint streak, appeared to 
be the last visible representative of uie November meteors. Al- 
though the sky continued clear, and an attentive watch was kept 
for nearly three hours afterwards, no other meteor could be seen. 
The purely negative character of this result adds a ft^h proof 
to the evidence obtained in former years of the definite bounda- 
ries and narrow limits between which the stream of the Novem- 
ber meteors is confined." 

Observations at Greenwich and at most other places in Eng- 
land were not successful on the morning of the UtL 

At OiUloden, Mr. A. Forbes counted upwards of 200 between 
the hours of 8** and 7**, A. M., the maximum of the shower 
appearing to be about 5 o'clock. 

8. In IVance, the *' Association Scientifique" organized a sys- 
tem of observations, at various stations near the Mediterranean, 
embracing even one or two in Italy. The results were to be re- 
ported and discussed at sessions to be held in the latter part of 
the month of November, at Marseilles and Bordeaux. We have 
not learned what success rewarded the zeal of the French ob- 
servers. 

9. At Paris, — Mr. Chapelas reports to the French Academy 
of Sciences, that notwithstandmg un&vorable weather and 
moonlight, " observations conscientiously made, give us for the 
mean hourly number reduced to midnight and to clear sky, 
and corrected for the influence of the moon, for the night of 
Nov. 12th, 6-8 meteors; for the night of Nov. 18th, 24*8 
meteors." 

He says that the observations for the preceding nights gave 
steadily, a smaller hourly number than tne mean for that period 
of the year, which is, according to him, 18*6. 

Mr. Chapelas, as usual, does not say how many meteors he 
saw, nor how long he observed, nor how large a correction he 
applies for cloudiness, nor what for moonlight, nor what to 
reauce to midnight We are not aware, even that he has pub- 
lished rules or constants for such reduction. 'Hia obseruatwyn* 
might perhaps have some value, if we knew ^\^\i Xltv^*^ "^^t^ 
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They could then be criticized, and compared with those of 
other observers. If found to have been carefully made they 
would be valuable to science. But as now given to the world, 
the observations of Mr. Coulvier-Gravier and Mr. Chapelas are 
inextricably mixed up with their deductions. The manifest 
errors of the latter taint the whole, and make it necessary to 
throw them all away. The French Academy of Sciences pub- 
lishes his reports, and we respect^lly call its attention to the 
matter. 

10. At Vienna. — Prof Weiss of the Observatory of Vienna, 
with three aids, determined 86 paths with the meteoroscope 
between 2** and 6*», A. M., of the 13th (Prof Schmidt in nm 
Wochenschrifi^ Dec. 8th). Some of them were fix>m the Leo 
radiant The total number visible was verv moderate. 

The next night was stormy, and for an interval of 10 minutes 
only at 4^, A. M., could anything be seen. A few stars of Leo, 
Gemini and Auriga were then visible through openings in the 
clouds, and along with them, though principally seen through 
haze, were some meteor tracks, having trains and radiating 
from Leo. Prof Schmidt estimated that the hourly number 
for one observer was about 50, reckoning only the brighter 
meteors, and considered the display not greatly different from 
that seen by him at Athens in 1863. 

At Munster and elsewhere in northern Germany the sky 
appears to have been overcast 

11. At Rome. — The cloudy skies which covered northern 
Europe on the night of the 13th, 14th, also impaired the 
Italian observations. Padre Secchi reports a few, though 
incomplete, from Kome. 

At z*» 30™ A. M. the clouds broke away in the west and in 
five minutes 18 meteors were seen. At 2*» 35™ the sky was 
nearly clear except low in the northeast, and a regular count 
was begun. 

From 2** 35™ to 2*» 40™, 29 meteors were seen ; fix>m 2*» 40° 
2»» 48™, 41; from 2^ 48"to 3^ 0^, 73; fit)m 3** 0"to 8*» 15°» 40. 
At 3** 18" it became again overcast The whole number in 40 
minutes was 183, of which 5 were unconformable. He omits 
to state the number of observers. Padre Secchi concludes : 

1st That there was a real recurrence of the display. 

2d. That it was but little different from the display last year, 
there having been then seen in the same interval about 200 
meterors. The hour moreover was not that of the maximum. 

3d. That the radiant point was within the bend of the sickle 
in Leo, and made with the stars b and .*< an equilateral triangle. 
But this determination was not very precise owing to the want 
of tracks near the radiant 

4th. That the greater part of the meteors passed to the north 
of the radiant 
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was further remarked that the trains were visible only a 
seconds, and that there were none of the beautiful scrolls 
noke which were seen last year. 

adarae Scarpellini gives in her Corrlspondema Scientific^ 
ants of observations at Kome by herself, (with negative 
ts) and the following from Perugia and Civita Vecchia. 
. At Oivita Vecchia. — Prof. Pinelli reports to Madame Scar- 
ni the following observations from Civita Vecchia. 
Dv. 12th~13th. Between 10'" 30™, P.M., and IS A.M., 4 
ors seen of 1st magn., 6 of 2d raagn., and 8 of the third. 
' a few clouds. 

3v. 13th-14th. Between ll*' 80" and 2** 85", 54 meteors seen. 
^ cloudy and finally overcast. 

3v. 14th-15th. Up to 1** 20", A. M., only 16 meteors seen. 
. At PerugicL — On the morning of the 18th from 12'' to 6**, 
, Prof. Bellucci counted the following numbers in the several 
s ; viz., 26, 22, 26, 28, 24, and 17. In all 188 in six houra 
1 the next night in successive hours from 6**, P. M», till 4**, 
, he saw 3, 1, 0, 2, 1, 2, 0, 89, 190, 246. During the next 
hour 71 were seen, making 555 in alL From 4^ 80" it 
overcast 

. At Velkt-i — Prof D. Ignazio GaUi, of the Municipal Ob- 
itory at Velletri, watched during the two nights of the 
and 14th of November. {Bull met Rom,\ 
1 the first night, two observers, with a clear sky, in five 
s, from 12^45°* till 5** 45°*, saw 71 meteora The distribu- 
through the five hours was as follows : 

From 12^ 45" to 1^ 45", 2 con£, 9 unconf 
u ih45in^ u 2»»45", 5 " 7 " 

'' 2*^45", " 3^45", 8 " 6 " 
" 3*^45", " 4*^45", 7 *« 7 " 

u 4h45m^ u 5b45in^ 11 a 9 u 

1 the second night they were able to see only through 
ings in the clouds. There were three or four observers, 
gh to fully command the whole of the visible portions of 
ky. The results were as follows : 







Heteora 


1 seen. 


Portion of 


Total computed 




Time. 


Conf. 


Uneonf. 


sky visible. 


for clear sky. 


1" 


0", 1" 15" 


50 


1 


0-2 


256 


1 


15 1 30 


48 


1 


0-2 


246 


2 


2 15 


41 


6 


0.4 


117 


2 


15 2 SO- 


81 


7 


0-3 


126 


2 


SO 2 46 


48 


4 


0-4 


117 


2 


45 3 


62 


8 


0-5 


140 


8 


3 15 


17 


4 


0-2 


106 


>tal 


in 1" 45°', 


292 


81 







17h 


145 meteors. 


17 


720 " 


nuiom 


99 " 
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The meteors of this second morning were much finer tka 
those of the preceding morning. The sporadic meteors of each 
night appeared to ra&te fix)m Auriga. 

15. From Moncalteri — ^Director F. Denza reports in Les 
MondeSj for four observers : 

Ni£^t of the 12th of Nov. fh>m 14^ to 
" 13th " 9 

" Uth •• 14i»10« 

These numbers need to be increased, as their principal object 
was to determine the position of the tracks ana the instant of 
appearance of the meteors. 

On the night of the 18th, 14th, there were seen : 

At Alexandria bj 4 observera fh>m 9^ 45™ to l&^ 46^, 168 meteon, 
AtAoBta, 1 " I4l> 30m \B^ 189 " 

AtVamno, 1 " 13l» 26™ 16>> 26»n, 121 " 

Prof Denza adds that " the meteoric shower of Nov. 1869, 
differs little &om that of August, and in some places was even 
inferior to it" 

16.-4^ Port Said^ EgypL — In the Monthly Notices for Dec. are 
some observations of G. L. Tupman, Esq., at that place. On 
the mornings previous to that of the 18th, he detected some 
tendency to radiation from Leo. On that morning, of thirteen 
meteors, four were conformabla 

On the morning of the 14th from 12** 80°» to 18** 15* only 
two meteors were seen, neither conformabla There was a 
pretty large patch of clear sky overhead, 

" The watch was resumed at 14** 80°*, the sky being then 
partly clear in patches, and continued until a quarter past 6, 
long before which the shower had entirely ceased. At 2** 30" 
it was at its height, most of the meteors being remarkably bril- 
liant, and many of them tinted green. The greater part left 
bright streaks, which often remained visible a considerable 
time. The duration of the meteors or their *time of flight' 
was considered to be less than half a second — ^too short a tune 
to estimate even roughly. 

"The following are the observations. Being unassisted, I 
stopped at e\ ery sixteenth to make the necessary entries. 

"If the numbers in the table be reduced to an uniform 
interval of time and then multiplied by the cosecant of the alti- 
tude of the radiant, it will be seen that between 14** 80" and 
IQh 24m ijr^Q numbers were nearly uniform, and slightly decreas- 
ing. The maximum, then, was either before or about 14** 80°; 
but the center of the dense part must have been passed about 
15 hours, as there was no s^n of the shower at 18** 15". 
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Maieon dlmerv^i ot Port Said^ N&v. 13<^ Aleosandria mecm Ume, 



From 
h m 

10 40-0 


To 
h m 

13 160 


No. of 
Meteora. 




Eleyation of 
the Radiant 

15 


14 80-0 


14 40 


16 


35 


14 62-0 


15 2-5 


16 


40 


16 8^ 


15 19-7 


16 


43 


15 24*0 


15 38-6 


16 


46 


15 38-5 


15 52-5 


16 


50 


15 59-0 


16 7-4 


16 


54 


16 12-0 


16 24-0 


16 


57 


16 26-0 


16 38-0 


6* 


60 


16 40-0 


16 52-0 


7 


63 


16 54-0 


17 14-0 


4 


67 



Seven other meteors were observed, but they did not radiate 
from Leo. 

From 11 orbits he determined o=151**'0, ^=21^*5, measured 
from the equinox of 1869. No single point satisfied all the 
paths that were observed. 

The conclusions of Mr. Tupman respecting the closing of 
the shower are of co\irse set aside by the observations in Italy 
and England by those of Fredericton and Santa Barbara. 

17. 'file duration of the whole shower was at least twelve 
boarB,and it appears to have been somewhat fitful in its inten- 
sity. Perhaps flie apparent fitfalness may be due to the clouds, 
though we think that that is not the only reason. 

Thus after the time named by Mr. Tupman we have an in- 
display shown by Prof BeDuoci's numbers. At Cul- 
loden the report seems to carry this display on two hours longer. 
The numbers seen at Fredericton and Santa Barbara show a 
tolerablv uniform continuance for several hours longer. There 
was little trade of the display on the next morning. 



SCIENTIFIC INTELLIGENCE. 

L PHYSICS AND CHEMISTRY. 

1. On Ammonia-chromium bases, — Cleve has communicated 
to the Royal Swedish Academy of Sciences a memoir on the ammo- 
nia-chromium bases, which, though of not very recent date, has not, 
we believe, been noticed either in German or in English journals. 
The author sets out with the chlorid discovered by Fremy and 
investigated to some extent by himself in a previous memoir. To 
this he gives the formula, Cr^Clg, 4NH3, 2H0, and the name tetra- 
min chrom-chlorid. It will be sufficient for our purpose to give 

* During this observation it was more cloudy than befoT^^ bM\ ^mivq!^ ^^ ^^^ 
tdUcfwing ooea it was much dearer. 
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the formulas of the various compounds with a general account of 
their properties. The formulas of the salts described by Q^ve 
belonging to the tetramin series are as follows : 

Chlorid, Cr.Clj, 4NH3, 2HO. 

Chlorplatinate, Cr^Clj, 4NH„ 2HO+2PtCl,. 

Chlorhydrargyrate, Cr^Clj, 4NHs, 2Ho4-6HgCl. 

Chlorobromid, Cr,ClBr„ 4NH3, 2H0. 

Bromid, CrjBr,, 4NH3, 2H0. 

Bromochlorid, Cr,BrCl„ 4NH3, 2HO. 

Chloro-iodid, Cr.ClIg, 4NH3, 2HO. 

lodid, Cr.Ij, 4NH3, 2H0. 

Chlorosulphate, CrjClO,, 4NHs2SO„ 2H0. 

Bromosulphate, Cr^BrO,, 4NH32SO3, 2HO. 

Chlorochromate, CrgClOg, 4NH32Cr03, ajHO. 

Chloronitrate, Cr,C10„ 4NH3, 2N05, 2HO. 

All these salts are crystalline and easily soluble in water. They 
have a carmine red or garnet red color and their solutions are 
eanily decomposed on heating, with separation of chromic oxyd 
and evolution of ammonia. 'Hie author calls attention to the very 
noteworthy fact that they all contain 2 atoms of water (in the old 
notation). 

The second series of compounds described are the salts of hepta- 
min-dichromium. 

The formulas of the only observed members of this series are as 
follows : 

y 

Double nitrate, 2(Cr303, SNOJ, 7NH3+NH^O, NO^+OHO. 
Oxalo-nitrate, 2(Cr3C3, NO^, (€303)3), 7NH3+6HO. 

The salts of the triamin series are as follows : 

Oxalate, CrgOg, 3C3O3, 3NH3, 3H0. 

Double oxalate, 2(Cr303, 3C3O3, 3NH3)+NH^O, 2C3O3, 

H0+3H0. 

The salts of the heptamin and triamin series resemble those 
of the tetramin series so closely as not to require special descrip- 
tion. The nitrate of the heptamin series is obtained by the 
action of nitrate of silver upon the chlorid of tetranun-chromioin. 
The oxalate of the triamin series is obtained by the action of 
oxalic acid upon the same chlorid. Besides these three series the 
author describes the following salts, which may obviously be 
regarded as members of other and analogous groups. 

CrjOj, NO5, 2NH3 + 3HO. 
CrgOg, C3O3, NH3-f8HO. 
2(0303), SO3, 2NII3+24IIO. 

It is, however, very doubt&x\ ^\v^t\kftt \Xi<^«A \Xa^» ^Nibetances were 
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obtained in a Btate of purity, as they were all amorphous and could 
not be obtained crystallized. — Kongliga Svenska Vetenskaps- 
Akademiens Handlingar^ Ny Fdljd^ 1866, 7 vol, 2d hal£ 

w. o. 
[Note. — ^The compounds described by Cleve are of especial 
interest when considered from an atomistic point of view. The 
formulas of the triamin and tetramin series are of course to be 
doubled and we should then have for the three chlorids the empiri- 
cal formulas 

6NH3, €)r,Cl^ Hezandn-chromium chlorid. 
VNHj, Ch-jCl^ Heptamin-Kihromium chlorid. 
8NH3, Ch-jCl^ Octamin-chromium chlorid. 

Adopting Blomstrand's view of the constitution of the analogous 
platinum and cobalt compounds, these three bodies may be written 
as follows : 



€r. 



r-NH.-Cl 
-NH.-Cl 
-NH.-Cl 



-NH.-Cl 
-NH.-Cl 
-NH,-C1 



r -NH.-Cl 
-NH,-C1 



-X.XX3-V.X r. ,-x.x.3-v.x ^^ i-NH.-NHj-Cl 

-NH3-CI' ^^» 1 -NH3-NH3-€1, ^^«i-NH3-NH3-CP 



-NHj-a 
-NH3-C1 



-NH,-C1 



-NH3-CI 
-NH,-C1 



L-NH3-CI 

Cleve suggests that the heptamin series may be only double salts 
of his tetramin and triamin compounds, and in view of the 
onsymmetrical structure of the chlorid this seems at least probable. 
It is also to be borne in mind that the want of synmietry is only 
seen if we adopt Blomstrand's theoretical views, and does not appear 
when the anunonia bases are formulated according to the principles 
of variable atomicity supported by the writer.* The invariable 
occurrence of two atoms of water in all the octamin compounds 
is difficult to explain upon any theory. — w. G.l 

2. On some new sulphur salts. — Schneider nas described some 
new sulphur salts belonging to the same class with those which we 
have already noticed. Fotassio-platinous sulpho-platinate is easily 
obtained by fusing 1 or 2 parts of platinum sponge with 6 parts of 
pure potassic carbonate and six parts of sulpnur, and treatmg the 
cooled mass with water. The author gives to this salt the formula : 

K,S, Pt"S, R"S, )^Pt»^S3 

and points out its analogy to a copper salt described in a previous 
paper. The new compound forms small, hard, sharp and distinctly 
formed, six-sided tables of a blue gray color and strong metallic 
luster. The larger tables have a redmsh tint and in thin layers 
are translucent with a red brown color. The density of the salt 
is 6*44. Dilute chlorhydrio acid slowly dissolves out the potassium 
without the slightest evolution of sulphuretted hydrogen, the final 
product of the reaction being sesqui-sulphid of platinum Pt^Sj or 
platinous sulpho platinate PtS, PtSg. This is a steel gray crystal- 

^ * This Journal, vol xliz, p. 108. 
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line powder of densuty 5*52, which when heated in the air buns 
like tinder and leaves pure spon^ platinum. Sodio-platinous sul- 
pho-platinate has a precisely aniSogouB formula, sodium replacing 
potassium. It is a crystallme powder of density 6*27 and with a 
color between blue-gray and reddish lead-gray. A re-examination 
of the compound containing tin, platinum, potassium and sulphur, 
described in his previous paper, has led Schneider to the conclusion 
that this body contains no oxygen, and that its true formula is 

KgS, Pt"S, Pt"S, Pt"S }^Sn»^S„ 

in which the quadrivalent platinum is replaced by quadrivalent 
tin. In addition to the sodium salt corresponding to the compound 
last formulated, Schneider describes a disodium salt which has the 
formula Na,S, Na,S, R"S, Pt"s )^Pt»^8,. 

When freshly prepared, this salt forms thin brilliant light copper red 
needles. It rapidly changes color in the air and becomes brown 
and finally almpst black. Water dissolves it with partial decom- 
position, lea vine a dark red crystalline powder of bistdphid of pla- 
tinum. Schneiaer obtained by double decomposition silver and 
thallium salts corresponding to the disodium compound. — Pogg. 
Ann., cxxxviii, 604. w. g. 

8. Synthesis of Hydroxylamin. — By the action oitist and chlo^ 
hvdric acid upon ethylic nitrate Lossex obtained the chlorhydrate 
01 a new base, NH3O, which he termed hydroxylamin. Ludwig 
and Hein have succeeded in preparing this body by the direct 
addition of nascent hydrogen to nitric oxyd, expressing the reaction 
by the equation : N O -f H 3 = NH , O, 

which is more correctly written 2N O+3H3=r2NHj0. The nitric 
oxyd was prepared by the action of nitric acid upon ferrous sul- 
phate and collected in a glass gasholder from which it was made 
to pass through a series of fiasks containing tin and boiling chlo^ 
hyaric acid. After separating the tin and ammonic chlorid the 
chlorhydrate of hydroxylamin was obtained with all the properties 
described by Lessen. — Berichte der Deutschen Chem. OeselUchqft^ 
2ter Jahrgang^ p. 671. w. a 

4. On a new group of double chloride belonging to the platinum 
bases, — By adding solutions of various metallic chlorids strongly 
acidulutea with chlorhydric acid to a solution of the chlorid of 
Reiset's first base, PtCJl, 2NH3 or 4NH3, PtCl,, PtCl,, Buckton 
obtained a series of double chlorids embraced by the general form- 
ula 4NH3, PtCL, PtClg. Thomson has found that a second series 
of double chlorios of the same quantitative constitution but with 
wholly different properties is obtained by adding an ammoniacal 
solution of a metallic salt as copper, silver, nickel, &a, to a solution 
of double chlorid of platinum and ammonium, PtCl-, 2NH^CL 
The new salts are crystalline and vary in color according to the 
metal used ; they are insoluble or with difficulty soluble in water 
and ammonia, but dissolve rather easily in dilute chlorhydric acid 
and are precipitated from this solution by ammonia. Buckton's 
salts are soluble in water and insoluble in chlorhydric acid. 
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5. A system o/ instruction in Quantitative Chemical Analysis: 
by Dr. C. R. Fbesknius, from the last English and Geiinan edi- 
tions, edited by Prof. S. W. Johnson of Yale College. 8vo, pp, 
631. New York: (John Wiley & Son). 1870. — In explanation of 
the alterations made in this American edition we quote the follow- 
ing from Prof. Johnson's preface. 

" In preparing this edition of Fresenius' Quantitative Chemical 
Analysis, the editor has sought by vanous changes to adapt it to 
the wants of the American student. 

The foreign editions have attained such encyclopedic dimensions 
as to occasion the beginner no little confusion and embarrassment. 
For this reason the bulk of the work has been considerably re- 
duced. A few processes which the editor's experience has con- 
vinced him are untrustworthy, and many more that can well be 
spared because they are tedious or unnecessary, have been omit- 
ted. 

The section on Organic Analysis has been reduced from sixty to 
thirty pages, mainly by the omission of processes which from their 
antiquity or inferiority are more curious than useful. The chap- 
ters on Acidimetry and Alkalimetry have been likewise greatly 
condensed, and all that especially relates to Soils and Ashes of 
Plants has been left out. The recent appearance of an excellent 
special treatise on ** Agricultural Chemical Analysis " by Profes- 
sor Caldwell, of Cornell University, justifies the last named omis- 
sion. 

On the other hand, some important matter has been added. 
Bunsen's invaluable new methods of treating precipitates are de- 
scribed in his own (translated) words. Various new methods of 
estimation and separation are incorporated in their proper places. 

The additions wnich have been made to the methods of examin- 
ing ores, it is believed, adapt the work to meet all the ordinary 
requirements of the metallurgical and mining student. " 

The editor acknowledges his indebtedness to Dr. Wolcott Gibbs, 
Dr. J. Lawrence Smith, Mr. O. D. Allen and others for important 
contributions and descriptions of new methods. We are confident 
that this excellent work will be of great service in advancing 
the study of analytical chemistry in this country, and that its 
publication will be welcomed by all teachera and students of quan- 
titative chemical analysis. 

6. J^ects of the Sun^s Heat on a Sand Sill, — Extract from a let- 
ter of 6eo. Davidson, Esq., of the Coast Survey, dated U. S. Coast 
Survey Station, San Buenaventura, Cal., January 23d, 1870, (com- 
municated for this Journal, by Mr. D. B. Smith, of German town, 
Pa.) — I have had a very curious experience at this station. It is 
on the edge of a sandy, steep bluff*, seventy feet above the low flat 
margin that extends 300 yards to the sea beach. At the station, 

I had an 18 inch theodolite, with three reading microscopes, and 
was engaged in determining the azimuth of the principal lines of 
the triangulation from the station San Buenaventura. This in- 
volved observations from sunrise to 10 a. ^.^and fvom-^^Y.^. \.o 

II p. K. Imagine my surprise when I found that. XYi^ \vfeaX. oi \>ttft 
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sun pouring all the p. m. upon the southwest face of this bluff so 
expanded it that the level showed changes as great as 46" ! Then 
in the evening contraction began, and continued until the level at 
sunrise exhibited changes or 46" the other way. Here tea* a 
change of 1' 30" certaimy due to changes of temperature ; our low- 
est temperature was about 40* ; our greatest about 79® in the 
shade, say 100° in the sun. 

But this is not all : I was dismayed to find that in cooling da- 
ring the evening, the tongue of the bluff upon which the station is 
situated, twisted irreguUirly in azimuth as much as 18" in three 
hours. This, of course, vitiated all my results, and I continued a 
full series simply as an experiment, for I could not change my posi- 
tion for an ecceutnc one without many drawbacks. I did chanse 
ray latitude instrument and transit from their positions near the 
station, and where the same phenomena were exhibited by them. 
At 102 yards from the edge of the bluff they are as steady as a 
rock, and I have nothing out the excessive undulations of the 
heated air to contend with. 

7. On the existence of Ammonium in the Ammoniacal Amalr 
aam^ and on a new Test for the presence of Nascent Hydrogen: 
oy At.bert H. Gallatin, M. D., of New Yort — BerzeUus ana 
De Pontin in 1 808, using the voltaic current as Davy had done, 
endeavored to do as mucn for the ammoniacal componnds as he 
had done for those of the fixed alkalies. They made what is known 
as the ammoniacal amalgam. That ammonium exists in this body 
has never been demonstrated, notwithstanding that its constituents 
in their proper proportions were always found escaping from the 
amalgam : that does not prove thea they were united ; on the con- 
trary, 2 vols, of NHg and 1 voL of H are the products. Moreover, 
if it were ammonium, it had never been made to unite with any 
other metal than mercury. 1 have endeavored to overcome bo^ 
of these objections. 

If the hydrogen escaping from the mercury together with Uie 
ammonia can be shown to be in the nascent state, it would be evi- 
dence that it had just been in chemical combination with the 
anunonia, in other words, that metallic ammonium (NH4) existed 
in the amalgam. Some pellets of sodium were placed in contact 
with some particles of the transparent variety of phosphorus, 
wrapped in bibulous paper and plunged beneath the sunace of 
water. A red glow was seen; and tne nascent hydrogen from 
the decomposing water came into contact with the phosphoma, 
bubbles of phosphid of hydrogen were formed. Occasionally one 
would fiame as it came into contact with the atmosphere, placing 
the nature of the reaction beyond doubt. As phosphid of hydro- 

fen cannot be formed by direct synthesis if ordinary free hydrogen 
e employed, this becomes a test for the presence of that gas in 
its nascent state. The hydrogen escaping from the ammoniacal 
amalgam was now tested by this process. A sodium-amalgam 
dipped beneath a solution of chlorid of ammonium was employed; 
and it became necessary to "wtit. \mtil the sodium was exhausted, 
tiiat resalts might not oe ^t\a\^\>^ >Aie Ti%9e^^i«cX> V^^s^^^gescv ^i»M^ 
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ig from the water. At the proper time the decomposing amal- 
gam was covered with fragments of transparent phosphorus, when 
lany bubbles of inflammable phosphid were obtained. Tlie 
ydrogen must then have been in the nascent state and just escap- 
ig from the anmionium. — Phil. Mag.^ xxxviii, 57. 

8. On the Existence of an AUoy of Ammonium and BismtUh^ 
md on another new Test for the presence of Nascent Hydrogen ; 
y Albert H. Gallatin, M. D., of New Yort — Ammonium had 
ever yet been seen united with any other metal than mercury. 
lercury being the only metal fluid at ordinary temperatures, should 
nother alloy be formed it would be solid. Some bismuth was 
lelted in a porcelain dish and alloyed with sodium by dropping a 
iece of that metal on the clear surface of the fluid bismuth. 
Hilorid of ammonium was then dusted on the fluid alloy, and then 
TVktQT added in a flne quick stream. The bismuth swells, appears 
asty and porous, and then congeals. Abundance of hyarogen 
scapes from the water, and the ammoniacal odor is set free. "Diis 
ody must now be dried. If it be placed near the ear a distinct 
racKling noise will be heard, a phenomenon which endures for 
ome days. To ascertain if this be ammonium escaping from the 
iflmuth, the body was placed beneath the surface of water, when 
ubbles of hydrogen escaped, easily to be collected and recognized ; 
be ammonia, if any, must have been absorbed by the water. To 
»8t for this red litmus-paper was placed in the liquid. Wherever 
[le currents from the bismuth struck it a blue spot became visible. 
>ii dissolving sulphate of copper in distilled water and placing 
tie well-dried bismuth therein, the characteristic flocculi of ammo- 
io-sulphate of copper appeared at once. 

It remains to show that the hydrogen escaping is in the nascent 
tate. There was not enough of it to test with phosphorus. The 
ismnth compound, when placed in a solution of sulphate of cop- 
er, becomes rapidly coated with metallic copper. Now bismuth 
oalloyed will not precipitate copper from its sulphate. To test if 
ie precipitation of the metallic copper was due to the presence of 
ascent hydrogen, an alloy of bismuth and sodium was made and 
ipped in a solution of sulphate of copper. It instantly became 
^ated with that metal, owmg to the nascent hydrogen escaping 
•om the water. The hydrogen was therefore escaping in the nas- 
mt state from the bismuth and ammonia, and therefore it was a 
•ue alloy of bismuth and ammonium. If the temperature of this 
;loy be raised, it will rapidly decompose with a crackling noise. 
n one occasion it exploded, sharply scattering the metal. The 
»ud crackling noise produced by tnis substance may be heard for 
lany days after it is made. That there is no mere surface-action 
I the case of the mercurial and bismuth alloys of ammonium, is 
lown by the pores which are formed by the escaping gases in 
oth cases. In the amalgam these pores may be seen produced 
y the escaping ammonium long after the water has exhausted the 
Hliuni. In the mercurial body the pores are evane&eexiX.^ m \Jci<^ 
ise of \AsmTith they remain^ and may be examined ^\> \eYKV3x^ 
Am. Jour. Bcl-Brcowd SbbibSj Vol. XMX, No. 146.— ^M abch, IWi. 

17 
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These are different phenomena from those displayed hy spongy 
platinum when it forces hydrogen and oxygen to combine. 

Appendix, — Continuation of the investigation at the laboratory 
of the Royal Mint, London, by the land permission of Mr. 
Roberts : — 

The alloy was dried in vacuo over sulphuric acid. It was then 
heated in vacuo by means of a Sprengel pump, when it decomposed, 
and the resulting gas was collected over mercury. It was found 
to have twenty-seven times the volume of the original solid. 
Analysis of the gas proved it to contain nitrogen and hydrc^n. 
The results of a furtner examination will shortly be given. — nil 
Mag.y IV, xxxviii, 58. June 23, ises. 

IL MINERALOGY AND GEOLOGY. 

1. Prdiminary Field Report of t/ie U, S, Geological Survey of 
Colorado and Netc Mexico^ conducted, under the authority of Hoa 
J. D. Cox, Secretary of the Interior, by F. V. Haydex, U. S, 
Geologist. 166 pp. 8vo. Washington, 1869. — Prof. Hay den, in this 
expedition of the year just past, was over his old field again, in 
which he has done so much oy his observations and collections to 
promote the progress of American geology and paleontology. Hk 
explorations, however, were continued farther west, to and among 
the heights ot the summit. His route was from ChejcMnre, where 
he commenced his labors, to Denver ; from Denver to the silver 
mines at Georgetown, the gold mines of Central City, and thence to 
the Middle Park ; then back to Denver, and southward to Colo- 
rado City, Soda Springs, Canon City, Spanish Peaks, Raton Hills, 
Fort Union, Mora Valley, and Santa F6 ; thence up the Rio 
Gninde, through the San Luis valley. Poncho Pass, Arkansas Valr 
ley, through the South Park to Denver again. Prof. Hayden re- 
marks that '^ the coal formation along the base ot the mountains 
was studied with great interest. With these coal beds are asso- 
ciated valuable deposits of brown iron ore. The coal and iron de 
posits of the Raton Hills extend from the Spanish Peaks to Max- 
weirs, and the supply of both is quite inexhanstible and of excel- 
lent quality. The future influence of these two importaut minerals 
at this locality, on the success of a Pacific Railroad, cannot be 
over-estimated. It is believed that the coal and iron mines of the 
Raton Hills will be of far more value to the country than all the 
mines of precious metals in that district. 

The next locality for coal was at the Placiere Moantains. In 
one locality here, the coal has been changed into anthracite by the 
eruption of a basaltic dike, the igneous material of which had 
poured over the coal strata. Vast quantities of brown iron ore are 
associated with this coal, and magnetic iron ore is found in the 
gneissoid rocks of the mountain. The ^old mines here are very 
rich and are now wrought upon a true scientific plan." 

As this Report consists of field notes, the geological facts are 
present as they were ob«eT\^WLoxk^\.Vi<&^rliiciDaI routes; andwt 
shall wait for a ayatemaXvc t«^<b^ oi >i2ki<^ t«k<£^ ixw&L^Su^ wdMc I 
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re presenting them, and cite in this place only some of the par- 
phs from his account of the trip to the famous " Middle Park" 

ar route to the Middle Park was through the Berthoud Pass, 
I the valley of Clear Creek. The range of mountains in which 
pass is located is composed of gneissic rocks — as are all the 
;es in the mining districts. The ascent was very steep on the 
h side, up to the region of perpetual snow ; but the descent on 
north side is quite gradual. 

reat quantities of loose materials irom the basis rocks are scat- 
J thicKly over the summits, of every variety of the metamor- 

class. Most of the peaks are well rounded, and covered with 
and vegetation. Grass and flowers grow far up above the lim- 
f arborescent vegetation. As we ascend, the pines, spruces and 
krs dwindle down in size, until they become recumbent and 
. on the ground. Some of the highest peaks are very sharp, 
covered with loose rocks, as if only the usual atmospheric in- 
ices had ever affected them. Their sides are often massive 
rpments of rocks down which an infinite quantity of fragments 
3 fallen, making a vast amount of debris at the base. Of 
•Be their rocky sides are entirely free from vegetation, and 
ozyd of iron gives them a rusty reddish appearance. One 
intain at the head of Clear Creek is called Rea Mountain, from 
&ct that the rocks have a bright red color in the distance. 

evidences of the outpouring of igneous rocks in this moun- 

arc very marked ; indeed, it may be called an eruptive range. 
rom the summit of Berthoud's Pass, at a height of eleven 
isand eight hundred and sixteen feet, we can look northward 
g the line of the main range, which gradually flexes around 
ie northwest, while the little streams seem to flow through the 
. The general appearance of the western slope of this great 
^ would indicate that it is a huge anticlinal, composed of a 
» of ranges on each side of a common axis, and then smaller 
^ ascena like steps to the central axis. The western side of 
ridge slopes gently, while the eastern side projects over ab- 
ly. This mam range also forms a narrow aividing line, or 
iter-divide,** between the waters of the Atlantic and Pacific. 
)od where the waters of each side were only a few feet apart, 

felt a real joy in passing down the western slope of the 
ntain by the side of a pure crystal stream whose waters were 
ening on to the great Iracific. 

lie Middle Park is really made up of a number of smaller 
s, which are somewhat independent of each other. Each one 
present diflTerent geological formations. The little park on 
loath side, which we first enter, is a very beautiful one. The 
B is luxuriant, and the timber excellent. None of the older 
nentary rocks were seen along the flanks of the mountains, 
\ recent tertiary deposit seemed to cover the country. On the 
side of Fraser Creek there is a long high ridge, which is cut 
be stream in several places, formed of the white and yellow 
8 and marls which mark the pliocene tertiary on the east side 
le mountain. I have no doubt that it is a {oTmatAOi\ oi \V^ 
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same kind as that of the Arkansas marls, and cotemporaneoaa 
with it. 

Along this creek there are some massive walls of this formation, 
mostly yellow marls, but some layers of sandstone. This ridge 
extends irom the mountains far northward, and is about two milei 
wide ; and between it and the immediate base of the moimtaiiifi is 
situated a beautiful valley of considerable width. 

The Middle Park is apparently a quaquaversal, surrounded bj 
the lofty snowy ranges; and the lower ranges descending like 
steps to the valley which constitutes the true park. The paik 
does not appear to be more than from ten to twenty miles wide 
from east to west, and from fifly to sixty long from north to south. 
In this park, also, the ranges of mountains so surround it that the 
slopes seem to form a sort of quaquaversal inclining toward a cxmt 
mon center. 

Viewed from Middle Park, Long's Peak, and the range imme- 
diately connected with, has a rugged, saw-like edge, aa if cxmt 
posed of eruptive rocks, and ridge alter ridge inclines from it in reg- 
ular order. 

About ten miles north of our camp, in the first park, we come 
to low ridges of massive red feldspathic granite, and parallei 
with these granite ridges are a series of sedimentary beds, com- 
mencing with the brick-red beds. The strike is nearly north and 
south, and the dip west. These ridges are all so grassed over thai 
the true nature of the underlying rocks is not easily determined. 
Then comes ridge after ridge, untill all the beds — Jurassic and cre- 
taceous — are shown. 

On this stream we have a fine system of terraces. On the 
north side are three distinct terraces above the bottom, and the 
lowest one has a bed of cretaceous sandstone, nearly horizontal, 
cropping out at its base. This is a low one, not more than fifteen 
feet high ; the next one is fifty feet high, and the third, which de- 
scends from the high hills, is two hundred feet. A little west of 
south, at the i unction of Grand River with Frazer Creek, fivehi^ 
peaks are visible, which form in that direction a part of the main 
range. All around us, in every direction, we could see the snowy 
peaks, and the beds which form the ridges of upheaval inclining in 
every direction. 

To the south of the park, the older sedimentary rocks dip north 
in lofty ridges, at least two thousand feet high, presenting \^A 
escarpments when split by streams, and reaching almost the hign- 
est margin of the mountains. 

About ten miles above the hot springs. Grand River flows 
through an enormous gorge cut through a high ridge of basalt, 
which seems to be an intrusive bed, for above and below the sedi- 
mentary rocks are well shown, but partially changed. Unde^ 
neath are the cretaceous shales of Numbers 4 and 5, and above 
are the lignite tertiary beds. These beds all dip west 23**. 

These eruptive rocks are very rough, as if they had been poured 
out without much presBuxe. mvc\v oi \\. \& ^N«r^ cA«s«e conglom- 
eiBte, the inclosed masae^ aip^peaxVxi^X^^ ^^ ^»xBA\asA.^]L"^ 
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•aste ; l^t is, originally, of igneous origin. Some of the inclosed 
ocks are very compact, close, and all were more or less worn, be- 
>re being inclosed. This rock is a true dolorite. I did not see 
ny inclosed masses that I could call unchanged. This basalt ex- 
»nds a great distance, continuing a nearly uniform thickness, and 
iclinine in the same direction with the cretaceous beds below and 
he tertiary beds above. 

On both sides of Grand River, but especially on the east and 
.ortheast sides, extending up nearly to the foot of Long's Peak, 
re quite large exposures of the recent tertiary beds. They are 
learly horizontal, and have much the appearance in color of the 
^ort feridger beds, of which Church Buttes is an example. These 
eds are composed, for the most part, of fine sand and marl, but 
here are a few small rounded boulders scattered through it. Be- 
ow the gorge, on the north side of Grand River, these outflows 
•f basalt have formed some well-defined mesas ; at least three bed?, 
Acending like steps from the river. The basalt lies in horizontal 
»edfl, but on the south side is the sloping side of a basaltic ridge. 
The dip is nearly northwest, though the trend of this basaltic ridge 
s by no menus regular. One portion of it has a strike north- 
rest and southeast, and another north and south. The tertiary 
ocks reach a great thickness, and are elevated high up on the top 
if the basaltic ridge, eight hundred to one thousand feet above the 
iver. They are mostly formed of fine sandstone and pudding- 
tone. These fine sandstones contain some well-marked impress- 
ons of deciduous leaves, among which are good specimens of Plor 
<tnu8 haydeni. On the north side of Grand River, in some locali- 
ies, the tertiary beds are elevated so high, on many of the erup- 
ive mountains, that they are covered with perpetual snow. These 
imptive beds are certainly among the most remarkable examples 
>f the overflow of igneous matter that I have ever seen in the 

i^est .* * * * 

Immediately below the hot springs the Grand Canon com- 
lences, and tne river cuts its way tlu'ou^h an upheaved ridge of 
EUtssive feldspathic granite, for three miles, between walls from 
ne thousand to one thousand five hundred feet high. The south 
ide is somewhat sloping, and covered thickly with pines, while 
he north side is extremely rugged, the immense projecting masHcs 
f granite forbidding any vegetation to gain a foothold. It would 
eem that the river had worn its way through a sort of rift in the 
;ranite, but at the upper end it has cut through the uplifted sedi- 
lentary ridges nearly at right angles. In some places the north 
ide is gashed out in a wondei'fully picturesque manner, so that 
lolated columns and peaks are leii standing, while all the inter- 
lediate portions have been worn away. This granite ridge will 
verage |>erhaps five miles in width, and extends an unknown dis- 
ance across the park, northeast and southwest, and it is from the 
outheast side that the ridges of upheaval, above descjibed, incline. 

The granite ridge seems to form a sort of abrupt anticlinal. On 
be southeast side the rocks all are bare, or covered mlV «k «^x^^ix 
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fioial deposit of recent tertiary marls. None of the colder nn- 
ohanged rooks are seen on this side, hut the modem sands and 
sandstones are exposed in a horizontal position in the channel cl 
the river. 

The hot springs are located on the right bank of Grand Riyer, 
at the juncture of the sedimentary rocks with the granites. Just 
east of the springs is a high hill, Mount Bross, one thousand to 
one thousand two hundred feet above Grand River, which seems 
to be composed mostly of the older tertiary strata, alternate yd- 
low and gray sandstones, and laminated arenaceous shaly elaja 
The whole is so grassed over, that it is difficult to take a seetioB. 
The beds incline east of north at a small angle. I rerard the beds 
as of the age of the coal formations of the West, mder tertianr. 
I found excellent impressions of deciduous leaves, among whicB 
are those of the genus Magnolia, Just opposite the springs, the 
left bank of the river shows a perfect section of all the layers, 
from the cretaceous to the Jurassic. The bank is not more than ten 
feet thick above the water, and yet it shows that the river itsdf 
rolls over the upturned edges of all these beds. 

The section in descending order is as follows : 

1. Tertiary strata, forming the greater part of the hill known 
as Mount Bross. The Cretaceous^ consisting of — 

2. Gray laminated sandstones, passing down into arenaeeoiu 
clays, with Bacvlites ovatus^ Ac, 

3. Black clays of No. 4. These are of great thickness, and er- 
ery variety of texture. As shown in a cut bank of the river, it is 
yellow arenaceous clay, with layers of sandstone, in which the hn- 
pressions of deciduous leaves were observed. These layers pro- 
ject up, a distance along the bank, of seventy paces. 

4. Dark plastic clay, with cone in cone, seams of impure clay, 
iron ore. Then comes an interval in which no layers could be 
seen, sufficient to include No. 3 — two hundred and fifty paceK 

5. Dark steel-black laminated slate, with numerous fish scales; 
dip twenty-seven degrees. This slate passes down into alternate 
layers of rusty sandstone and shaly clay. ♦ ♦ • ♦ 

I have given this detailed description of the cretaceous rocks U> 
show the exceeding variableness of their texture, and also to call 
the attention of scientific men, who may hereafter visit this inte^ 
esting locality, which will soon become celebrated, to a section of 
the rock through which the waters of the spring must pass in 
reaching the surface. Now, in whatever rocks these springs may 
originate, the water must pass a long distance through the almort 
vertical strata of the Cretaceous period, in the sediments of which 
are found in other localities nearly all and perhaps all the mineral 
constituents found in these springs. The deposits around these 
springs are very extensive. No analysis has as yet been made, 
but large masses of gypsum and native sulphur can be taken ont 
at any time from the sides of the large basin-like depression into 
which the water flows. They are properly "Hot Sulphur Springs," 
varying in temperature from %^ XiO WfL^^ 



Mineralogy and Oeohgy. 268 

Troublesome CafLon, at the head of the creek bearing this name, 
is entirely basaltic, and the ragged walls, not only of the main 
stream, out also of the little branches, form a most picturesque 
view. 

Below the Cafion, the valley of Troublesome Creek, and also 
that of Grand !l^iver near the junction, is occupied by belts of 
modem tertiary sands and marls^ like those observed at the en- 
trance to the park, by Berthoud's Pass. Where the little stream 
eats the terraces, horizontal strata of whitish and flesh-colored 
sands and marls are exposed. I looked in vain for fossils, and 
found only specimens of silicified wood. There are cold sulphur 
springs in this valley. All through the park, the benches or ter- 
races are conspicuous in the vicinity of streams, as at the base of 
mountain ranges. In the park through which Frazer's Creek flows, 
these benches or terraces are most beautifully carved out from the 
modem marls. 

In summing up the geology of Middle Park, we find that all 
the sedimentary rocks known in this country are found there. I did 
not see any beds that I could define as carboniferous, but the tri- 
assic, Jurassic, cretaceous, and tertiary are well developed. I have 
no doubt as to the existence of true carboniferous limestones in the 
Middle Park 

The tertiary deposits of this region may be divided into two 
groups, viz., the fiffnite or older tertiary, and the modem plio- 
cene marls and sands, which seem common to the parks and moun- 
tain valleys. The former conform perfectly to the older beds, 
while the latter seldom incline more than three to five degrees, 
and do not conform to the older rocks. The marl group is un- 
doubtedly contemporaneous with the Arkansas and Saute F6 
marls. 

This volume contains also a valuable Report of P. Frazer, Jr., on 
the mines and minerals of Colorado, and another by Cyrus Thomas, 
on the agriculture of Colorado. 

2. The Gold Fields and Mineral Districts of Victoria^ with 
Notes on the Modes of Occurrence of Gold and other Metals and 
Minerals; by R. Brough Smyth, F.G.S., &c.. Secretary for Mines 
for the colony of Victoria, Melbourne. 644 pp. Royal 8vo. 1869. 
(Trdbner A Co.) — We have examined this elaborate volume 
with equal pleasure and instruction. It is, in fact, an extensive 
treatise, full of minute details and exact information rendered in an 
unpretending matter of fact style. The work is illustrated by 
plans, sections, sketches, diagrams and maps, and is carefully 
printed and accompanied by ample tabular statements, statistical 
and otherwise. 

Perhaps the most striking thing brought to light by the Victo- 
ria gold fields, to one who is also familiar with those of California, 
is the fact that, to all appearance, the area of the Australian fields 
yet unexplored, or very imperfectly so, is vastly greater than any 
reserves known to exist upon the Facific slopes of North America, 
Of a minimum of 20,000,000 acres of known gold ftAd^ \ilN\rXotv^^ 
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not more than 600,000 acres, or one thirty-third part, have been 
opened and explored, while many of the older districts are still yield- 
ing, with improved methods and economy, better results than at 
any former period. The fact of the general similarity of the modes 
of occurrence of gold in gulches, deep lying placers, and in old river 
courses, under lava, and basalt, in Australia and California, has 
long been known, but the subject receives new and valuable illus- 
tration by the labors of Mr. Smyth. Hitherto comparatively little 
has been known in this country respecting the modes of occurreDce 
and productiveness of the gold-quartz mines — reefs^ as they are 
callea^n Victoria. This want Mr. Smyth fully supplies. He 
tabulates the course and direction of nearly 500 quartz veins in 
the several mining districts, the directions being from N. 89® W. 
to N. 47® E. ; but by far the greater number of veins run about N. 
30° to 40° W. ; and mention is made of results obtained from the 
workings of over 2400 mining companies, mostly engaged upon 
quartz. The number of quartz reefs (veins), actually proved to be 
auriferous, is over 2,600, and the total extent in square miles of 
auriferous alluvial and quartz ground worked upon is upwards of 
880 square miles. 

The average yield of gold from certain parcels of quartz, the de- 
tails of which are given from 1859 to 1868, from returns made to 
the Mining Surveyor and Registrars, is shown to be from 6,816,669 
tons 9 cwts. of quartz crusned, 3,346,201 oz. 8 dwts. of gold or 
an average, per ton of 11 dwts. 12'37 grains. This value is very 
unequally distributed between the diflferent districts, as appears 
from an inspection of the details tabulated in the appendix. The 
average fineness of the Australian gold is considerably above that 
of California. 

Full and very interesting details are given of several of the most 
important quartz mining operations, of which the Port Philip Co., 
at Clunes, la the most important. The following is a return of 
quartz crushed at Clunes for the 12 months ending September, 
1865, viz. : 54,413 tons of quartz crushed yielded 20,596 oz. 10 
dwts. 12 grains of gold, averaging 7 dwts. 13 grains per tOL, and 
valued at S20 per oz.=|41 7,920. To crush this amount of quartz, 
80 stamps were required, viz. : 56 heads of about 6 cwts., each strik- 
ing 75 blows per minute, requiring about one horse power each, 
and crushing an average of about 2 tons, 4 cwts. each; while 24 
stamps weighing^ about 8 cwts. each, crush 4 tons per diem each of 
fine material ; about 8 gallons of water per head per minute is re- 
quired by these stamps, or 921,600 gallons per diem. Two steam 
engines drive the stamps. Of the total gold saved, 66*08 per cent 
are found in the stamp beds, 22*95 in the mercury-boxes, and 10*97 
comes from the blankets. 

Compared with the best Califoriiia mines, the yield per ton of the 
St. Phillip, is small. Thus in 1868-9, 20,638 tons of gold quartz 
crushed at the Eureka Mill, Grass Valley, California, yielded $587,- 
687.89, or an average of S27.80 per ton of ore ; and this is con- 
siderably less than the average of some former years. The ave^ 
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age of the Amador Company, Sutter Creek, on a somewhat 
greater crushing is over $25 per ton, and has steadily increased 
nrom |5 or $6 to the present rate in sinking to a depth of 1200 
feet, which is double the depth of the St. Phillips, at Clunes. 

Mr. Smyth discusses at length Sir Roderick Murchison's notion 
that quartz gold veins become poorer in depth, and effectually 
proves that there is no evidence of this ; but after a careful com- 
parison of over 200 examples, he announces the following general 
conclusions : ' Taking the whole of the information and results 
obtained into consideration, there is much reasonable evidence 
produced in support of the theory that quartz reefs are richer as 
they increase in depths and in addition to this, thcU they are widerJ* 

A remarkable feature of the Australian gold fields, in which they 
are distinguished above all others, is the magnitude and frequency 
of the nuggets found in them. Mr. Smyth gives two interesting 
tabular statements of remarkable nuggets, the history of which is 
known, as-compiled by Mr. Birkmyre, an experienced assayer, and 
the second by Mr. F. Knox Orme, the warden of Dunolly. Of Mr. 
Birkmyre's list (over 150 specimens), only 27 are American or 
European. We enumerate a few of the most remarkable Austra- 
lian nnggets, compiled from both tables : 

Ibfl. OS. 

DnnoUy, date, ftc., unknown^ 248^ 

The ** Welcome Stranger Nugj^et,'* found Feb. 2d, 1869, in the auriferous 
allnvium, near Bull Dog Reef, Dunolly, Yictoria; 21 inches long, 10 
inches in thickness; mixed with the quartz, but the great body of it 
solid gold ; 986 fine ; value £9534 The neighborhood of Dunolly is 
almost an uuprospected country. For many miles there are out-crop- 
piDg reefs which have yielded very large pieces of gold. 190 10 

The "Welcome Nugget," found June 15, 1858, at Bakery Hill, Balla- 
arat, Victoria, at 180 feet depth; water-worn and imfjarular shaped; 20 
inches long by 12 broad and 7 deep; by assay, 992 fine; value, 
£9.325. 184 9 

The "Blanche Barkly Nugget,'' found 27th August, 1857, at Kingower, 
Victoria at a depth of 13 feet, and within five or six feet of holes dug 
three years before. It measured 28 inches by 10, and contained about 
two lbs. of quartz, day, ftc; assay, 955; value, £6 905.12. 145 3 

Found at Canadian Gully. Ballaarat. Victoria, 8l8t of January, 1853, at a 

depth of 60 feet; 989 fine; value, £5,532 7s. 4d. 134 11 

F6und in July, 1851, by a native boy, in a heap of quartz at Meroo Creek, 
River Turoo, 53 miles trom Bathurst, N. S. W. It was in three pieces 
when found, though considered as one mass. * 106 

Found in 1857 at Dunolly, Victoria, two specimens with gold distributed 
through a rust-colored matrix. 237 

Found Nov. Ist, 1858, at Burrandong, near Orange, N. S. W., at a depth 

of 35 feet mingled with quartz and pyrites ; of 874 fineoess. 107 2 

The " Lady Hamilton Nugget," found 1854. Sept. 8th, near Canadian 

Gully, Ballaarat, Victoria, at a depth of 135 feet 98 1 

Did space permit, this list might be continued, by far the 
larger number of nuggets found being under 100 lbs. Troy, and the 
history of some of them is suflSciently curious. Many of the large 
nuggets of Australia are distinctly referred to quartz veins in the 
immediate vicinity, and masses are specified of several pounds 
weight, which have been found attached to the veins. How rare 
this circumstance is in California, is well known \ \\i% ox2l^ ^ia^tgc^^ 
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of much BignificaDce being in the Moigsn claim on Carson HilL 
The famous Cabarraa Co. (X. C), (1821,) nasr^ of S4 Iba. w^ht 
was allavial gold. The largest nngget found in California was it 
Valiceto, (24th April, 1852), near Canon Hill, and we^hmg 25 
lbs. 5 ounces. 
The following tables exhibit interesti]^ information. 

Returns showing approximately the gold obtained from, quarlx 
veins and alluvial workings during the years 1864 to 1868 in- 
elusive^ Victorta: 



1864 
1865 
1866 
1867 
1868 



From QaftrtiTeiiia. 



dwta. 
5 







503,618 
450,000 

521,017 
560,527 
587,694 



ftom AlluTiAl Workings 



1,041,076 

1,093,801 

968,177 

873,160 

1,069,804 



dwta. 
10 


15 

6 





The ratio of quartz gold to alluvial gold is thus shown to be 
much higher in Australia than it b in California, where not over 
one quarter of the annual production is considered to arise from 
quartz, while in Victoria it is seen to be about one hal£ 

Yield of Gold per annum : Victoria. 



Fear. 


Qosotitj Exported, 
ounoes. 


Value at S0«. per 


1851 for 8 mos. 


145,146 


580,584 


1852 


2,218,782 


8,875,128 


1853 


2,676,345 


10,705,380 


1854 


2,150,730 


8,602,920 


1855 


2,751,535 


11,006,140 


1856 


2,985,991 


11,948,964 


1857 


2,762,460 


11,049,840 


1858 


2,528,478 


10,113,912 


1859 


2,280,950 


9,123,800 


1860 


2,156,660 


8,626,640 


1861 


1,967,420 


7,869,680 


1862 


1,658,207 


6,632,828 


1863 


1,626,872 


6,507,488 


1864 


1,544,694 


6,178,776 


1865 


1,543,801 


6,176,204 


1866 


1,479,194 


5,916,776 


1867 


1,433,687 


6,734,748 


1868 


1,657,498 


6,629,992 



Totals, 35,568,450 182,278,800 

To arrive at the total quantity exported, it is necessary to add 
1,267,241 ozs. to the above. 

Mr. Smith's volume contains ample material for study, and offers 
many tempting extracts, \)Ut o\n «^v^ Qota:^\a ^qa tA forbear. 
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8. On Old Wester Courses : by Dr. J. S. Newberbt. — (To the 
citations from the memoir of Dr. Newberry on Surface Geology 
at page 111, we here add the following. — Eds.) 

** Some of the valleys and channels which bear the marks of 
glacial action— evidently formed or modified by ice, and dating 
from the ice period or an earlier epoch — are excavated far below 
the present lakes and water^courses which occupy them. 

These valleys form a connected system of drainage, at a lower 
level than the present river system, and lower than could be pro- 
duced without a continental elevation of several hundred feet. A 
few examples will suffice to show on what evidence this assertion 
is based. 

Lake Michigan, Lake Huron, Lake Erie, and Lake Ontario are 
basins excavated in undisturbed sedimentary rocks. Of these, 
Lake Michigan is 600 feet deep, with a surface level of 578 feet 
above tides ; Lake Huron is 600 feet deep, with a surface level of 
674 feet ; Lake Erie is 204 feet deep, with a surface level of 566 
feet ; Lake Ontario is 460 feet deep, with a surface level of 234 
feet above the sea. 

An old, excavated, now-filled channel connects Lake Erie and 
Lake Huron. At Detroit the rock surface is 130 feet below the 
city. In the oil region of Bothwell, Ac, from 50 to 200 feet of 
clay overlie the rock. What the greatest depth of this channel is, 
is not known. 

An excavated trough runs south from Lake Michigan — filled 
with clay, sand, tree trunks, &c. — ^penetrated at Bloomington, 111., 
to the depth of 280 feet. 

The rock bottoms of the troughs of the Mississippi and Missouri, 
near their junction or below, have never been reached ; but they 
are many feet, perhaps some hundreds, beneath the present 
stream-beds. 

The borings for oil in the valleys of the Western rivers have 
enabled me not only to demonstrate the existence of deeply buried 
channels of excavation, but in many cases to map them out. Oil 
Creek flows from 76 to 100 feet above its old cnannel, and that 
channel had sometimes vertical and even over-hanging cliffs. The 
Beaver, at the junction of the Mahoning and Shenango, runs 150 
feet above the bottom of its old trough. 

The Ohio throughout its entire course runs in a valley which 
has been cut nowhere less than 160 feet below the present river. 

The Cuyahoga enters Lake Erie at Cleveland, more than 100 
feet above the rock bottom of its excavated trough. The Cha- 
grin, Vermilion, and other streams running into Lake Erie exhibit 
the same phenomena, and prove that the surface level of the lake 
must have once been at least 100 feet lower than now. 

The bottom of the excavated channel in which Onondaga Lake 
is situated, and the Salina salt-wells bored, is at least 414 feet be- 
low the sui-face level of the lake and 50 feet below the sea level. 
(Geddes. Trans. New York State Agricultural Society, 1859.) 

The old channel of the Genesee Kiver at Portage, dft^cnbfc^ Vj 
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Prof. Hall in the Geology of the 4th District of New York ; the 
trough of the Hudson, traceable on the sea bottom nearly 100 
miles from the present river mouth ; the deeply buried bed of the 
Lower Mississippi, are additional examples of the same kind; while 
the depth to wnich the Golden Gate, the Straits of Carquinez, the 
channel of the lower Columbia, the Canal de Haro, Hood's Canal, 
Puget Sound, &c., have been excavated, indicates a similar (per- 
haps simultaneous) elevation and erosion of the Western coast of 
America. 

The falls of the Ohio— formed by a rocky barrier across the 
stream — though at first sight seeming to disprove the theory of a 
deep continuous channel m our Western rivers, really afford no 
argument against it, for here, as in many other instances, the 
present river does not follow accurately the line of the old channel 
Dclow, but runs along one or the other side of it. In the case of 
the Louisville falls the .Ohio nms across a rocky point which 
projects into the old valley from the north side, while the deep 
channel passes under the lowland on the south side, on part of 
which the city of Louisville is built. 

The importance of a knowledge of these old channels in the im- 
provement of the navigation of our larger rivers is obvious, and it 
IS possible it would have led to the adoption of other means than 
a rock canal for passing the Louisville falls, had it been possessed 
by those concerned in this enterprise. 

I ventured to predict to Gen. Warren that an old filled-up 
channel would be found passing around the Mississippi rapids, 
and his examinations have confirmed the prophecy. 1 will ven- 
ture still further, and predict the discovery of buried channels of 
communication between Lake Superior and Lake Michigan — prob- 
ably somewhere near and east of the Grand Sable — at least, be- 
tween the Pictured Hooks and the St. Marv's Kiver — ^between 
Lake Erie and Lake Ontario through Canada, — between Lake 
Ontario* and the Hudson by the valley of the Mohawk, — between 
Lake Michigan and tlie Mississippi, somewhere along the line I 
have before indicated. I also regard it probable that a channel 
may be found connecting the upper and lower portions of the 
Tennessee River, passing around the Mussel Shoals. This locAhty 
lies outside of the area where the Northern Drift deposits were 
laid down to fill and conceal ancient channels, but the excavation 
and the filling up of the channel of the Tennessee — like that of the 

♦ When the water in the lake basin had subsided to near its present level, its dd 
avenues of escape bein^ all Kilted up by the Drift days and sands the surplus made 
its exit by the line of lowest levels wherever that chanced to run. As that hap- 
pened to lie over the rocky point that projected from the northern extremity of the 
Allc(2^h}inies into the lake basin, there the line of drainage was established in what 
is now known as Niajj^ra river. 

Though among the most recent of the events recorded in our surface geology, 
this choice of tlie Niagara outlet by tlie lake wators was made so long ag^ that aD 
tlie en>8i(>n of the gorge below the falls has been accomplished since. The exoa- 
yation of the basin into which the Niagara flows— the basin of Lake Ontario, of 
which Quoonstown Heights form part of the margin — ^belongs to an epoch long 
entorior. 
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Ohio — ^were determined by the relative altitude of the waters of 
the Gulf. The channel of the Lower Tennessee must have been 
excavated when the southern portion of the Mississippi valley was 
higher above the Gulf level than now, and Proi. Hilgard has 
shown that at a subsequent period, probably during the Cham- 
plain epoch, the Gulf coast was depressed 600 leet below its present 
relative level. This depression must have made the Lower Mis- 
sissippi an arm of the sea, by which the flow of the Ohio and Ten- 
nessee was arrested, their channels filled, terraces formed, <&c. If 
the Upper Tennessee has, as appears, a channel lower than the 
Mussel Shoals, it must be somewhere connected with the deep 
channel of the lower river. 

4. The Volcano of Kilatiea^ and great JSarthqtiaJee Waves; by 
Rev. Titus Coan. — I have lately returned from a tour of explora- 
tion to the active crater of Kilauea and the volcanic distnct of 
Puna. At Kilauea the action was dull. *The central area of this 
immense crater remains a deep concavity, depressed about 400 feet 
below its margin ; but this margin is a new rim or black ledge of 
lava, itself depressed a thousand feet below the banks of the crater, 
and marking the former level of its bottom. In this profound basin 
I noticed a scanty growth of ferns rooted in the superficial strata 
of lava. They had ^one down uninjured to a depth of 400 or 500 
feet, as the crust subsided upon the disgorgement of the molten 
lava beneath. The old South Lake retains its locality ; but its 
contours are entirely changed. It is now a nearly circular pit, 
about 400 feet deep m the bottom of the crater. Its diameter, as 
I measured, is four-fifths of a mile, and its walls, of black hardened 
lava, are jagged and frowning; in some places beetling; in others, 
perpendicular or retreating. To this abyss access is anything but 
easy ; it is possible to enter it at but a single place, and by making 
a trajet over a steep, rugged, and difiicnlt incline of debris^ yet a 
brave American lady of my party ventured to descend under my 
guidance. Here, 2,000 feet below the surface of the ground, we 
tramped together over the floor of the awful pit. It seems now 
the half-cooled forge of Vulcan. The fiery billows no longer roll 
and break as they were wont to do over this vast area of indurated 
lavas; yet, in many places we could look into red-hot ovens and 
chimneys, and down through orifices in the crust to the molten sea 
below, and hear, and see, and feel the incandescent minerals boil- 
ing, and surging, lashing the sides of the deep cavern, and sending 
up volumes of white sulphur vapora. But now this principal focus 
of volcanic action is comparatively quiet. Our last great eruption 
has lowered its fiery tides far below their usual level ; and we are 
content to enjoy this lull in the strife of the telluric forces which 
are so ably described in Dr. C. F. Winslow's recent work on Force 
and Nature — a work which gives the completest explanation that 
has yet appeared of volcanic phenomena in Hawaii. I spent three 
days at Kilauea, making careful observations of the crater; and, 
when these were completed, went to the seashore at Ke-a-la-ko-mo, 
a village in the volcanic district of Puna, s\lwaXe^«Jacyvx\.\.^«w\.'^ 
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miles from Kilauea. In this district the subaideDce of the land was 
distinctly marked. Throughout a coast line of many miles in 
extent the shore has settled from six to eight feet. 

On the 25th of July last a remarkable flood tide visited the soath- 
ern shore of Puna, tearing away the faces of the sesrclifb, sweep- 
ing over barriers 25 feet high, rolling in foaming surfs hundreds of 
feet inland, and carrying with it huge boulders and angular masses 
of rock of from a ton to three tons in weight. The sea rose nearly 
thirty feet in perpendicular height, or ten feet higher than the great 
earthquake wave, already described in your Journal, of the 2Dd 
April, 1868. Several houses which were not reached by that wave 
were swept away on the 25th. By the latter calamity nearly 
everything has been destroyed upon the high shores of Ka-ha-na- 
le-a, and the delicious bath in the fissure at Pu-na-lnu is doubled 
in depth. Nor are the changes that the plastic volcanic agency 
is impressing upon this country yet completed. At Ka-lisk-pa-na 
the sea is more and more invading the land. Two channels are 
opened through the beach, and the tide ebbs and flows over large 
fields of the Ka-larpa-na plain. The old stone church of the vil- 
lage is deeply buried in sand and boulders, and the tides sweep 
entirely over it. From Ka-mai li to Ka-po-ho the shores are terri- 
bly torn by the action of the waves. Between the villaees of 
0-pi-hi-kaa and Po-ho-i-ki the waves dashed a thousand feet inland 
and destroyed a mile of road running parallel with the shore, upon 
a line never before reached by the sea. But for the declivity ofour 
shores, these gigantic waves would have penetrated much further 
inland. The point of disturbance, from which these remarkable 
waves radiated, is still unknown to us. The focus of the great 
Peruvian earthquakes of 1 868 was near the city of Arica, where 
the first shocks were felt at 4} p. m., Aug. 18. The resulting 
earthquake wave reached our islands, a distance of 6,000 miles to 
the northwest, late at night upon the same day^ and, traveling 
toward the southwest, reached the harbor of Lyttleton, New 
Zealand, at 4^ o'clock in the morning of the 15th. Making the 
allowances in time required by a difference in longitude of 243 deg. 
18 min. (counting eastward), it appears that the wave occupied 
but 19 hours and 17 minutes in making the latter distance of 7,200 
miles. This makes 368 miles per hour, or 540 feet per second, 
about half the nominal velocity of a cannon-balL On the 23d of 
December, 1854, a similar wave was transmitted across the entire 
breadth of the Pacific Ocean, from Japan to Califoraia, in 12 hours 
and 38 minutes. The great earthquake wave of April 20, 1808, 
passed from our Hawaiian shores to the coasts of Mexieo, Cali- 
fornia, and Oregon, in five hours'^ time, as indicated by self- 
registering tide-gauges at San Francisco and Astoria, which an- 
nounced its arrival upon the evening of the same day in which 
it had desolated the coasts of Puna and of Ka-u. These waves are 
entirely distinct from the tidal swing of the ocean, and are proper 
waves of translation, — N, Y, Tributie. 
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I returned to EQlo by the coast-route, experiencing occasional 
earthquakes by the way, some of them a little staillmg. These 
still continue at intervals ; but we are inclined to expect a season 
of comparative volcanic quiet at present, and have no sensation, in 
the way of natural phenomena, in definite prospect earlier than 
the transit of Venus in 1874. We are already promised visits by 
soientific observers upon that occasion. 

5. A Dreatise on Ore Deposits ; by Bebnhabd yon Cotta, 
Professor of Greology in the Koyal Saxon School of Mines ; trans- 
lated from the second German edition, by Fbederick Prime, Jr., 
Mining Engineer. 694 pp. 8vo. New York, 1870. (D. Van Nos- 
trand). — ^Mr. Prime has done a good thing for all interested in the 
study of ore deposits, in giving us a translation of Vigi Cotta's 
*' Erzlagerst&ttenlehre.^' This book has long been the standard 
authority in Germany, and we are fortunate in now having an 
edition of it in English, which is even more complete than the last 
German edition, as Mr. Prime not only had the approval and per- 
mission of the author, to translate the work, but Prof. v. Cotta 
also has made alterations and furnished additions to it, so that it 
is in reality a new edition. The work commences with a general 
discussion of the different kinds of metalliferous deposits, covering 
some 90 pages, and then takes up, by way of illustration, the de- 
scription of the most important mining districts of Europe, closing 
with a chapter of theoretical considerations, suggested by the ob- 
served facts. We trust that the publication of this excellent work 
will inspire our mining engineers and geologists with a sense of 
the importance of carefully observing and recording the facts con- 
nected with the occurrence of ore deposits in this country. The 
work already done by some of our best observers, especially such 
admirable researches as those of Prof. J. D. Whitney on the Up 
per Mississippi lead region, shows what may be done. The forth- 
coming reports of the California survey, and of the survey of the 
40th parallel, will undoubtedly furnish a large amount of new ma- 
terial, which, with the facts already published in various geologi- 
cal and mining reports, might form the basis of a work on Ameri- 
can ** ore deposits," that would very appropriately supplement Mr. 
Prime's translation of von Cotta's book, and give a still further 
impulse to this important study. 

6. Notice of Asbestus and Corundum with other Minerals at 
Pelham^ Mass.: by J. H. Adams, Senior in Amherst College. — In 
the towns of Pelham and Shutesbur^, Mass.^ there are several 
localities of asbestus, known to the mineralogists in this part of 
the state, although no special mention is made of them m any 
scientific work, thev being scarcely noticed in the geological sur- 
vey. Surface specimens of indifferent quality have been common 
in collections for years. Dark colored pieces, hard and compact, 
have sometimes passed for petrified wood, to which there is a 
strong resemblance. The most noted of those localities, is on the land 
of Mr. Samuel Newell in Pelham. Recent excavations to obtain 
asbestus for economical purposes reveal its pTesenQ^Yx^x^ \ii \gc%aX^ 
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quantity. Much of it is soft, of a grayish-white color, composed 
of delicate parallel fibers, often one foot in length, with a mailed 
cross cleavage oblique to the fibers, as in hornblende. 

Intimately associated with the asbestas, is an altered mica, 
allied to vermiculite or jefferisite. This appears in irregular vdns, 
separated by a decomposed asbestiform mineral, and granular 
actinolite, which crumbles upon exposure. It occurs m loose 
foliated scales and small angular aggregations, occasionally several 
inches in size. Hardness, about 1*5. Luster pearly, sometimes 
metallic. Color light brass-yellow to yellowish brown, scarcely 
transparent, even in very thin folia. Flexible, inelastic. Before 
the blowpipe exfoliates remarkably, and at last fuses slightly on 
the edges. This property however is variabla Of five specimenB 
taken, only two exfouated in a marked degree. The lammn after 
heating appear as if melted or pressed together, and not readily 
separating. It differs in this respect from the jefferisite of West- 
chester, Pa., but seems to resemble it in optical characters. Both 
exhibit a six-rayed astersim, although from its extreme opacity a 
sufiicient thin lamina of the Pelham mineral is obtained with 
difficulty. 

These veins of altered mica are free from admixture with soil 
or other minerals ; and the substance is often so loose as to he 
readily displaced by the hand without the aid of a pick. Farmers 
use it as an absorbent for bedding cattle. Might it not be of 
service in other ways ?* 

Not the least interesting circumstance, however, is the presence 
at this spot of corundum. Flattened masses of brownish-black 
mica, superior in hardness to the surroimding mineral, contain 
nodules of corundophilite which inclose a white corundum. It 
is often streaked of a deep sapphire blue. This is, I think, the 
second observation of the kind in northern New England, the 
other locality being at Chester. It rarely occurs in situ, and in 
small quantity ; but doubtless farther excavations will develop 
more valuable specimens. The locality promises considerable 
interest to the mmeralogist ; and it is believed that the asbestas 
may prove of sufficient value to warrant mining. 

Amherst College, Not. 13, 1869. 

7. Note on the Remains of Fossil Birds; by O. C. Massh. — 
Just after the article on pages 205 to 217 haa gone to press, I 
received from Professor F. V. Hayden a unique specimen, which 
forms a most interesting addition to the fossil bird remains there 
described. It is the distal portion of a large feather, with the 
shaft and vane in such excellent preservation, that it may perhaps 
indicate approximately the nature of the bird to which it belonged. 
The specimen was discovered in a fresh-water Tertiary deposit, of 
the Green River group, in Wyoming Territory, and will be figured 
and de:cribed in full with the osseous remains noticed in the 
above article. 

* A simUar mineral is used in Eiuiove for taiidiiig P^^P^r^ in plaoe of bkyttefa 
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• 

. The IHnomis and Saurian remains in AtMtralia : by Rev. 

B. Claske. — A femur of a species of Moa or Dinorms has been 
loimced by Rev. W. B. Clarke as found in the Pleistocene drift 
Peak Downs, Australia. The femur was probably buried in a 
ih water fluviatile drift, over which was formed a lacustrine 
josit. Mr. Clarke regards the discovery as evidence of the 
ner connection of Australia and New Zealand, and makes the 
owing additional observations on the subject. " Returning, in 
iclusion, to the supposed connections, in former geological times. 
New Zealand and Australia, a fresh testimony has been offered 
ne within the last few days, in the statement of a discovery 
ing the last few months of abundant remains of Saurian rep- 
s along the Waipara River in New Zealand, of the same kind 
^hose which have been found to occur along the Flinders River 
Queensland, and which, in addition to the Plesiosaurus dis- 
ered by the same friend, Mr. Hood, show that there was a 
ilar geological faima in times as far back at least, as the 
ttaceous period. The Plesiosaurus was mentioned in my paper 
a recent geological discoveries in Australasia' ' (1861). Al- 
ugh now the flora is dissimilar, yet there is evidence that in 
n earlier geological times, such as our Carboniferous epoch, for 
»nce, there was a similar flora. 

The views I have adopted lead me to maintain, that we in Aub- 
lia inhabit only a fragment of a vast continent, of which in New 
kland there was probably, as there still is, the culminating ridge 
;;he highest portion of Pacific dry land. That this opinion is 

without support, I And, by a passage in Dr. Mantell's account 
bis son's discoveries of Dinorms. Without remembering that 
sage (which, indeed, I am not sure I ever read till this evening), 
ive expressed myself in language nearly identical with that of 

Mantell, who says, in 1850, ' It seems probable that these 
pendous animals were not anciently confined within the narrow 
Its of modem New Zealand, but ranged over a vast continent, 
t is now submerged, and of which the isles of the Pacific are 

culminating points.' " 

'. Synopsis of the JExtinct Mammalia of the Cave Formations 
the United States, with observations on some Myriapoda found 
%nd near the same, and on some JEkctinct Mammals of the Caves 
AnguiUa, W, L, and of other localities ; by Edwajrd D. Copk, 
om the Proceedings of the American Philosophical Society, 
iladelphia, vol. xi, p. 171, 1869.) — ^This includes an account of 
lains of mammals aiscovered in a cave breccia in Wythe county, 
ginia, by the author, among which several extinct forms occur- 

associated with existing species. The new species are Stereo- 
tes tortits (gen. et sp. no v.) allied to Arctomys; Tamias kevi- 
•s ; Sciurus panolius ; Mixophagus spekeusj Gdlera perdidda, 
iociated extinct species are Megalonyx Jeff^ersonii ^ Tapirus 
\ysii ; Dicotyles naeutus ; Ursus amplidens, and others. Among 

recent species are Castor fiber ; Neotoma f Floridanaum ; 
9US sylvaticus ; Cariacus ( Cervus^ VirgimcmiM ; Ptoci\jou 
ic JouB. Sch—aEcoND Sebikb, Yol, XLIX, No. 146,— ^IUacH.^\OTi. 

18 
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lotor^ etc. The species previously described by Le Conte and Leidy, 
from a similar aeposit in the lead-bearing limestone of Galena, 
m, are also included in the list. The whole number of species is 
27, of which 14 are extinct and represent 5 extinct genera, while 
6 genera are of " neotropical type." Seven species of land shells, 
and remains of reptiles and birds were also found. The species of 
Myriapoda obtained are enumerated and several new species and 
a new genus, Andrognathua^ are described. In the second part of 
the paper two genera of gigantic rodents from Anguilla are des- 
cribed : AnMyrhiza inundata and LoxomyluB hngidens. In con- 
nection with these a human instrument of shell was discovered. 
The third contains descriptions of Anoplanasaa /orctpatOj a new 
genus and species of Cetacea from near Savannah, Geoma, and 
Memicatdoaon effodiens^ a large Sirenian allied to the Dogong, 
from the Eocene Marl of Monmouth county, N. J. v. 

10. The Metinct Mammalian Fatma of Dakota and Nebratika^ 
including an account of some allied forms from other localities, 
together with a Synopsis of the Mammalian remains of North 
Amerioay illustrated with 30 plates ; by Joseph Lkidy, M.D., 
LL.D., Professor of Anatomj in the University of Pennsylvania; 

5 receded with an introduction on the Geology of the Tertiary 
formations of Dakota and Nebraska^ accompanied with a map; 
by F. V. Hatdkn, M.D., Professor of Mineralogy and Geology in 
the University of Pennsylvania, etc. VoL VI^ of 2nd series, of 
the Journal of the Academy of Natural Sciences of Philadelphia. 
Philadelphia, 1869. — ^In this lar^e and beautiful volume, issued by 
the Acaaemy of Sciences of Philadelphia, Dr. Leidy has given a 
thorough revision of all his own labors and those of others, with 
regard to the ancient Mammalian Fauna of the Upper Missonri 
region. As he observes in his preface, the materials for this 
work *' have been graduallv and continuously accumulating for 
the last twenty-three years." Through the new facts which have 
come to light, the author has been enabled to revise his fonner 
determinations of species, and to write out the characteristics of 
each with far more precision and fullness. The synonymy is well 
worked up and contains many points of historical interest The 
value of the work is much enhanced by the addition of the 
** Synopsis of the Manmialian remains of 5^orth America," which 
occupies 84 pages of the volume, and must have cost the author a 
vast amount of labor. The thirty lithographic plates show exact- 
ness in delineation, and illustrate not only the species of the Ne- 
braska region, but also several of those oi other parts of the cooii- 
try. 

A large part of the personal observations on the eeology of the 
region, and of the collections of its fossils have been made hy 
Prof F. V. Hayden, and it is therefore especially appropriate that 
the introductory chapter should have come from his pen. A lam 
oolored map of the geology of the region accompanies the won 
which was also prepared by Prof Hayden. A further analysis of 
the work we have to deSer to «xio\^«t q«m^%«\oiu 
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the Geology of the Kew Haven Region, with special 

the orignofits Topographical fecUures ; by James D. 
pp. 8vo, with a map. From vol. II, of the Transactions 

»nnecticat Academy. — The author concludes, from the 
^ht out in this paper, *' that, by special facts, and by the 
events, this region in the Glacial era, like that of New 
to the North, was moulded at surface largely by the 
the Connecticut valley glacier and its underflowing 
Qd covered through the subsequent melting of the iee, 
;tfied and unstratified drift-formations simultaneously; 
rgs had no part in the matter, and the supposed iceberg 
Tew England no existence." 

the Mixture of Cretaceous and Eocene Fossils ; by T. A. 
communicated for this Journal). — We frequently hear of 
jds between the Chalk and Eocene, but the evidence is 
iuced which would show a gradual transition from one 
er. It has been said that m California such beds have 
i ; but Mr. Gabb in his extensive explorations did not ob- 
1. The collection of fossil shells which he considered a 
etaceous formation, and designated as No. B is now in 
ion of the Academy of Natural Sciences, and a careful 
r the species fails to enable us to detect one recognized 
c Cretaceous Period of California, or anywhere else. It 
ar group, however, unlike any other known. A glance 
^ Vmericardia JETomii^ will strike any one accustomed 
e the Chalk and Eocene fossil shells as peculiarly indica- 
locene. This statement of the distinct character of dif- 
nationSj takes no account of those local mixtures of fos- 
are easdy traced to disturbances in the bed of the ocean. 
wnonds in Australia, — A letter from the Austrian Consul 
lia, to Mr. Hochstetter of Vienna, announces that the 
of Australia are remarkable for size as well as beauty. 
' in weight from half a carat to 160. One found on the 
»f the Consul, was of the first water, and weighed 30^ 
d another, of 46 carats, was sold in London at 128,000 
le region especially abundant in diamonds is the frontier 
nge Kiver country, at Sikatlory. — Les Mondes^ Jan, 18. 
jEpyornis of Madagascar, — MM. Alp. Milnb-Ed- 
d Alp. Grandidieb describe in Coraptes Rendus, 11th 
, certain curious anatomical peculiarities of the bones of 
»mis, and they observe "that it belongs to a group of 
ed birds, but constitutes amongst them a type character- 

1 massive forms, and by feet of a size difficult to conceive. 
» placed beside the dinornis and apteryx, although it is 
rem them by important features of its organization, and 
Bumaticity of its thigh bones. The height of this bird . 

less than J. Geoffrey St. Hilaire thought. Taking the 
its foot as a basis of calculation, the Madagascar bird 
Kceeded two metres, which is the height of a large os- 
ie the Dinornis giganteus varied from two and a half to 
-es. But if the ^pyomis is not, as was supposed, the 



276 Scientific Intelligence. 

biggest of all these birds, it is the stoutest, the most massive, the 
most elephantine, if we may so express it." — Student^ Nov. 1869, 
15. Preliminary Notice of the Lamellibranchiate Shells of the 
Upper JHelderbergr^ Hamilton and Chemung Groups; [Preparaiory 
Studies for tht Palaeontology of New York] ; part 2 ; by James 
Hall. 80 pp. 8vo. State CoL Nat Hist. 1869. — This paper by 
Prof. Hall contains descriptions of several new genera and species, 
and revised references of other old species. The new genera 
are Pal^aneilo for Nticulites constricta Conrad, etc. ; Limofteha 
for Lim^ mxxcroptera Conrad ; Mytilarca for Megamhonia ovcUa 
Hall, etc. ; Pholadklla for Nucidites radiata Conrad ; Cimitaru 
for Cypricardites comigata Conrad, etc. ; Phthonia for Cypri- 
cardites sectifrons Conrad ; Modiomopha for Cypr. oblonga Con. 
and Modiola concentrica Hall, etc. 

IIL ZOOLOGY. 

1. MoUuscan Fauna of New Haven. A criticcU review of all 
the 3farine^ Presh Water^ and Land Mollusca of the region^ wirt 
descriptions of many of the living animals and of two new species; 
by Geo. H. Perkins, Ph.D. From Proceedings of the Boston 
Society of Natural History, November and December, 1869. — ^The 
total number of species given in this catalogue is 162 ; of these 
97 are Gasteropods (51 marine); 54 Lapiellibranchs (40 marine). 
Of the 91 marine species 50 are said to occur north of Cape Cod; 
1 3 in Labrador ; 8 m Greenland ; 8 in Europe ; 5 1 extend to South 
Carolina and some of them farther; 37 occur in the Post Pliocene; 
26 in the Pliocene; 19 in the Miocene. A list of 65 species 
recorded from Long I. Sound, but not yet foimd at New Haven, is 
given at the end. The two new species described and figured are 
Nassa fretcfisis (like N vibex) and Astarte lutea (allied to A. sul- 
cata). A new generic name, in errata Tottenia (by error Totten- 
tana) is proposed for Venus gemma Totten, and Crassivenm 
instead of Mercenaria for Vemis mercenaria Linn., the name, mer 
cenaria^ being objectionable because properly a specific name and 
an adjective. Mytilus hamat^cs Say is referred to JBrachydonte^ 
and Pleurotoma brunnea is proposea for P. plicata Adams. 

The synonomy is far from complete, and although completeness 
could hardly be expected in a catalog^ue of this kind, yet it seems 
desirable to give, if any, such references as are necessary to 
explain the nomenclature adopted and the principal synonyms in 
all cases. But besides want of completeness there are many posi- 
tive errors that are scarcely excusable even in a local list In 
looking it over casually the following errors were noticed, beades 
others of less importance. 

Thus " Melantno decisa Binney,*' should have H. <fe A. Adams 

as authority, and " Vivipara decisa Gill " in the synonymy, should 

be M. decisa Gill, instead of omitting the reference entirely (as in 

errata), for Prof. GilV "waa t\i^ tiret to correctly limit the two 

genera^ as found in thiB coxmlTy. 
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The " Cytherea Sayii Conrad," p. 147, should be Cytherea Say- 
\a Conrad, Jour. Phil. Academy, vol. vii, p. 124, 1834 ; the refer- 
t5e to Gould, " p. 34," should be p. 84 ; " CaUista convexa Say," 
3uld be Cytherea convexa Say ; and finally the correct reference 
r ** CaUista convexa " is Adams' Gen., ii, p. 426. This species is 
illy a CaUista^ unless we adopt Rdmer's subgenus, Caryatis, to 
lich it also belongs. But Conrad's grounds for rejecting Say's 
me, convexa^ seem to be insufficient, — at least I am unable to find 
other species of CaUista with the same name. " Mercenaria 
Hacea Stimpson," should be M, violacea Schumacher, " Modiola 
Tdioltts Linn," should read M, modiolus Turton, (Myiilus modi' 
ts Linn.), and M, barbatus is no doubt a distinct Mediterranean 
ecies. " Scapharca transversa Say," should be S. transversa H. 
A, Adams, (Area transversa Say). 

The following names, quoted as having Stimpson ('Check List), 
yon, Conrad, etc., as authorities, are found in IL co A. Adams' 
^nera of Recent Mollusca, and some of them, perhaps, in earlier 
)rk8 : — Amycla Oouldiana, A, dissimilis, TVitia trivittata, Ce- 
'Mopsis JSmersonii, Imnatia heros^ L, triseriata^ JlirboniUa 
terruptUy T. niveau Melantho decisa^ Bittium Qreenii^ Tectura 
tudinaliSy Martesia ounei/ormis^ Xylotrya palmulata, Siliqua 
itata, Angulus tenera^ A, polita^ Peronea tenta^ Macoma fusca^ 
raehydontes plicattUa, Scapharca transversa, s v. 

« 

IV. ASTRONOMY. 

1. Elements of Asteroid (109) ; by E. H. F. Peters, of the 
tchfield Observatory of Hamilton College. Communication dated 
inton, Oneida Co., N. Y., November 25, 1869.* — The following 
sments of asteroid (109) are computed from my observations oi 
it. 9, 20 and 31. 

Epoch 1869, Oct. Berlin mean time. 
Mean anomaly, 337° 1' 3"-35. 

Longitude of perihelion, 55 53 48*04. ) 

Lon^tude of node, 4 51 45*43. V Mean Equ. 1870-0 

Inclination of ecliptic, 7 56 56*55. ) 

Angle of eccentricity, 17 25 14*13. 

Mean daily motion, 809"*580. 

Logarithm of major semi-axis, 0*4278314. 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. On Force and Will ; by B. A. Gould. — (We copy the folio w- 
Z from an able address of br. Gould, at a meetins: of the Anier- 
\\\ Association last August, at Salem, Mass., as retiring Presi- 
nt of the Association.) — 

Scientists are now of accord that " force can neither be created 

►r destroyed," and that " the quantity of force in nature is just 

eternal and unalterable as the quantity of matter." Its vanous 

* This announoement was issued on a loose slip in connectioii mXk ^<b ^wo^^air^ 
mber of this Journal 
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forms are eminently convertible, yet utterly indestractible. And 
to avoid that fruitful source of disagreement among the ablest 
men, which has arisen from the ambiguous signification of the 
word, we must adopt the meaning which is finding general to- 
ceptance, and define force as "that which is expended in prodn- 
cin<^ or i-esisting motion ;'' thus clearly discriminating between 
force and its cause. 

In his retiring address before this Association, last year, oar 
honored ex-president Dr. Barnard presented an argument, so 
vigorous ana clear that I see no room for an adequate rejoiner, in 
opposition to the doctrine which would extend the principle of 
the conservation of force to the phenomena of consciousneBS,— «"t 
philosophy which at the present day is boldly tauffht in public 
schools of science, and which numbers among its diaciples many 
very able men." He says, for instance : — 

" Organio changes are physical eflTects, and may be received without hesitatioD 
as the repreflentative eciuivalents of physical forces expended. But sensation, wiD, 
emotion, pasfiion, tliought, are in no conceivable sense physical.**— [/Voe. Amr* 
Assoc.^ Chicago^ p. 89.] 

'* The philosophy, which makes thought a form of force, makes thought a mode 
of motion ; converts the thinking being into a mechanical automaton, whose sen- 
sationSf emotion^*, intellections, are mere vibrations produced in its matmial sub- 
stance by the play of physical forces, and whose consciotts existence must forevtr 
cease when the exhausted organism shall at length fail to respond to these extn^ 
nal impulses" — [Ibid, p. 91.] 

*' Thought cannot be pliysical force, because it admits of no measure. * ^ A 
thin\; unsusceptible of measure cannot be a quantity, and a thing that is not efen 
a quantity cimnot be a force."— [76?(i. pp. 93, 4.] 

Before the cogent reasoning carried out by President Barnard, 
of which the general tenor is indicated by these quotations, the 
view that force affords a middle term between the moral and the 
material worlds can be sustained as little as the pure materialism 
against which tlie argument was directed. But if we ascend a 
grade higher, and consider that which guides and compels force, 
as force guides matter, I am disposed to believe that the problem 
may be nearer to a solution. Yet I offer my views with hesitation, 
not unmindful of the great thinkers who have considered these 
exalted topics, and shrinkiui^ from the rebuke of presumption. 

There is an eleji^ant experiment, in which the tension of a spring 
is made to produce heat by percussion, thus developing the cur- 
rent from a the rnio-elee trie battery, which by successive modifi- 
cations of its force e.vhibits heat, chemical action, ma^etic at- 
traction, and finally bends another spring ; the same origmal force 
successively appearing in all these various manifestations until it 
is reestablished in its primitive form. In such an experiment the 
imperfections of the appanitus would of course entail some loss at 
each successive step, and thus preclude the practical recovery of 
an available force equal to that expended m the original flex- 
ure of the spring. Yet the fact is beyond question that such loss 
is due solely to the inade<|uacy of our implements for collecting 
and transmitting the force at each stage of the experiment ; for 
the law of conservatiou te^c\\^% iVvaX \\» \& vn every instance oon- 
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verted into other form or forms without diminution. Could such 
an apparatus be constructed with theoretical perfection, it would 
represent an eternal circuit of force; and, like the frictionless 
pendulum in a vacuum, it would exhibit a perpetual motion, afler 
the needful impulse had once been applied* The spring would 
oscillate forever, did no extraneous force oppose, whether the 
force producing its rebound were or were not transmitted through 
a chain of modifications. 

In this inert apparatus no force whatever would have been em- 
bodied, yet qualities would have been implanted by design, which 
would compel an indestructible force, applied to it, to play the 
part of an unwilling Proteus. The influence seems unavoidable 
that force may be guided and controlled, compelled to exert itself 
in this or that shape, without the outlay of any other force for 
the purpose. If it be objected that it is an intrinsic law of force 
that it shall change its form in exerting itself, the case is in no- 
wise altered by the expression of this truism. Our design has 
prescribed, and (extraneous force being absent) might indefinitely 
prescribe, the modes and directions in which that constant force 
should manifest itself. 

Muscular force is directed, and in its vital action is usually con-. 
trolled, by will. If we assume it to be coequal with the expendi- 
ture of tissue,* measurable alike by its transferred results and by 
the decomposition of this tissue, where and what is that power 
which lets loose or withholds this force, and whose action is at- 
tended by a conscious effort ? It is the will, — a something which 
directs and controls force without expending it. Not only are 
thought and forms of consciousness not forces, if the reasoning 
already adduced be correct, but, although often moral incentives to 
the will, they are not even motive energies, in the sense in which I 
think we must concede the will to be such. It is true that the 
exercise of thought is followed by fatigue, yet it is not attended 
by a sense of effort, except in so far as it is directed by an exer- 
tion of the will And although the former doubtless consumes 
tissue, have we any reason for believing that the exercise of will 
does the same, apart from that consumption which corresponds to 
the forces whose mode of action it prescribes ? 

Thus it would appear that the metamorphosis of force, though 
not " work done " in the mechanical sense, is the result of some 
definite mode of causation. What this causation is, and whether 
it is susceptible of measurement, are the next questions. In the 
same category with this agency, or energy, or influence, the vital 
principle would seem to belong, — directing forces while it neither 
expends nor consumes them. In the growth of organic beings, 
unstable combinations are formed, and organized structures are 
thence reared, in which, as Kant has so beautifully said, " all parts 
are mutually ends and means." If in such organic developinont 
force is consumed, disorganization without decomposition ought 

* Even if it be also, to some extent, supplied by the disorganization of food not 
fullj oonverted, the argument ia not thereby affected. 
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to evolve it. Of the deposit of force in the unstable material of 
the tissues, I am not speaking, but of the vitality itself, which 
represents an energy requisite for the development and growth of 
organisms, — their dissolution being in turn attended by develop- 
ment of inferior forms of life, which suggest that this energy may 
have again been made available, — an energy too which is not 
"force," as this term has just now been defined. 

No comparison can be drawn between vitality and those molec- 
ular forces which build the crystal. Crystaline forms arise when 
the molecular attractions enjoy the freest scope, and their con- 
struction must be attended by an evolution of force, which ought 
to be recognizable by physical tests, and which should also be 
measurable by an excess of their resistance to solution, over thtt 
of comparatively amorphous masses of the same material, in which 
equal weights present equal surfaces. 

So, too, not only in that individuality which life confers and in 
the impossibility of insulating or transferring vitality, but also in 
its hereditary character and its apparent susceptibility of indefi- 
nite increase or diminution, the vital energy violates our fundAr 
mental conceptions of force, and demands a separate cat^ory, 
seeming to belong in the same with will. If will and life be forms 
of fprce, their total amount must be limited by the law of con8e^ 
vation. If, on the other hand, they are outside the realm of forces, 
we may more readily indulge the conviction to which experience 
would lead, that thoir freedom is unfettered by any restrictions 
within our knowledge, — eacli injoying an indefinite, though possi- 
bly a correlated scope in its own domain. The indestructibility 
of both matter and force implies a fixed coefficient of force for 
matter in equilibrium ; but how great is the contrast offered in 
this respect by such energies as life and will ! 

Now if this reasoning be correct, we may have in this class of 
enercfies that middle terra, so earnestly desired and so intensely 
needful, which unites the phenomena of matter with those of spirit, 
and forms the connectincr link between science and religion ; their 
harmonious conjunction affording the highest system of philos- 
ophy. It is this class of energies which, controlling the forces of 
matter, guides and governs their modifications and transforma- 
tions. It is this, moreover, which, inseparable from mind, is ex- 
erted by all conscious organism. The mystic play of coequal, but 
to our senses, so dissimilar forces, and the equally recondite mu- 
tual action of the eye, the brain and the nerve, alike demand 
agencies transcending all our science, yet implicitly obeying physi- 
cal laws. The highest manifestations of these agencies is in will; 
the highest agent is the Ahnightv. Thus the dictum of faith, that 
the universe exists only by virtue of the continued will of its 
Creator, represents a palpable scientific fact ; and we may see that 
the pantheist, the materialist and the spiritualist (I will not be 
debarred from this noble word hy the associations of its misuse 
to-day) have been contemplating the same oxalted truth from dif- 
ferent aspects, with limited ranges of vision. 
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2. On Auroral appearances and tJieir connection with the phe- 
nomena of Terrestial Magnetism \ by Balfour Stewart, F.K.S. 
F.R.A.S. — Some years since, I ventured to suggest that au- 
roral displays might be secondary currents due to small but rapid 
changes, caused by some unknown influence, in the magnetism of 
the earth. In developing this idea, the earth was compared to the 
core of a Ruhmkorff machine, and the moist upper strata of the 
earth, as well as the upper strata of the atmosphere, to secondary 
conductors, in which currents will take place whenever the mag- 
netism of the earth changes from any cause. These views would 
appear to be confirmed by the very interesting records of earth- 
currents obtained by Mr. Airy at the Greenwich Observatory, in 
which it is found that during times of very great magnetic distur- 
bance there are strong earth-currents alternating from positive to 
negative, the curves lying nearly equally on both sides of the zero. 

A further development of this idea has lately occurred to me, m 
consequence of a remark of my friend Mr. Lockyer, that the zodi- 
acal light may possibly be a terrestial phenomenon, and may 
therefore be somehow connected with the phenomena of terrestial 
magnetism. For not only will secondary currents be caused in a 
stationary conductor in presence of a magnetic core of variable 
power^ but also in a conductor moving across the lines of force of 
a constant magnet. The question arises, have we on the earth 
such moving conductors ? In answer to this, let us reflect what 
takes place at the equator. When once the anti-trades have 
reached the upper regions of the atmosphere, they will become con- 
dnctors from their tenuity ; and as they pass rapidly over the lines 
of the earth's magnetic force we may expect them to be the vehi- 
cles of an electric current, and possibly to be lit up as attenuated 
gases are when they conduct electricity. May not these form 
the zodiacal light ? 

Such moving currents will, of course, react on the magnetism of 
the earth. We may therefore suppose that somewhat sudden and 
violent changes are likely to take place in the earth's magnetism 
at those seasons at which the earth's great wind-currents change 
most rapidly. May not this account for the excess of disturbances 
at the equinoxes ? 

Besides the anti-trades there are also, no doubt, conviction-cur- 
rents, caused by the daily progress of the sun, taking place in the 
upper regions of the earth's atmosphere. May not those also be 
vehicles of currents as they cross the lines of the earth's force, and 
account, to some extent at least, for the daily variations of terres- 
trial magnetism ? and may not this be the reason of the likeness 
observed by Mr. Baxendell between the curves denoting the daily 
progress of the wind and those denoting the variations of the de- 
clination of the magnet ? Such currents (in as far as they are elec- 
tric conductors), taking place in the upper regions of the atmos- 
phere, would not be felt by the earth-current wires at Greenwich, 
and I think Mr. Airy has noticed that this is the case. But the 
tidal wave represents a motion of a conductor on t\ve ^^T\X^"fe %xit- 
face, with two periods in one lunar day. This mo\\o\i c?av\\o\» Y^c^ 
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duce a very great secondary current ; bat may it not be sufficient 
to account' for the luaar-diuroal magnetic variation, which is also 
very small ? 

Such a current taking place in a conductor electrically connected 
with the earth's upper surface ouffht to be felt by the Greenwich 
wires ; and, if I am not mistaken. Dr. Airy has detected a current 
of this nature. 

May we not also imagine that there are two yarieties of aurora 
— one corresponding to stationary conductors under a very rapidly 
changing core, and the other to rapidly moviuff conductors under 
a constant core ? And might not an aurora of the latter kind in- 
dicate the approach of a change of weather ? 

These remarks are thrown out in order to invite comment and 
criticism, and they will have served their purpose if they direct 
attention to the part that may be played by movins conductors in 
the phenomena of terestrial magnetism. It will be noticed that 
these remarks do not touch upon the mysterious connection be- 
lieved to exist between magnetic disturbances and the frequency 
of solar spots. 

P. S.— Since writing the above. Sir W. Thomson has called my 
attention to a paper by him in the Philosophical Magazine for De> 
cember, 1851, in which it is suggested that moving conductorB 
may play a part in the phenomena of terrestrial magnetism.— 
Monthly Notice of the RoydL Astronomical Societyj Dee. 10^ 
1869.— PA»Z Mag., IV, xxxix, 159. 

3. TTie approach of violent storms annotsnced by telegraph,— 
In December, 1869, a memorial was presented to the House of 
Representatives, from Prof J. A Lapham, of Milwaukee, Wise, 
calling the attention of Congress to the fearfol loss of life and 
property occurring annually on our Great Lakes, and suggestme 
the possibility of doin^ something to prevent at least a portion of 
this loss in future. A bill was at once mtroduced by Hon. Halbert 
E. Paine, of Wisconsin, providing that the Secretary of War be au- 
thorized and required to provide for taking the necessary meteoro- 
logical observations, at the military stations in the interior of the 
continent, and for giving notice on the northern lakes and Atlan- 
tic coast, by means of the electric telegraph, of the approach and 
force of storms. Letters were subsequently presented to the 
House of Representatives, from the Surgeon (general of the U. & 
Army, from Prof. Joseph Henry of the Smithsonian Institution, 
from Prof. Elias Loomis of Yale College, and from the chief Sig- 
nal Officer of the U. S. Army, approving of the proposal of storm 
warnings, and suggesting some of the advantages which might be 
expected to result from them. The bill was passed in the House 
of Representatives, Feb. 2, and in the Senate Feb. 4, 1870. The 
following is a copy of the bill as adopted : — 

" Be it resolved, etc., That the Secretary of War be and he 
hereby is authorized and required to provide for taking meteoro- 
logical observations at the military stations in the interior of the 
continent, and at otber poinU in tbie States and Territories of the 
United States, and for gvvVng uotifi^ on VXi<^ ns:>tCGl»rGL^3ii!u^ ^a^i <m 
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the sea coast, by magnetic telegraph and marine signals, of the ap- 
proach and force of storms." 

K the system authorized by this act should be prosecuted earn- 
estly and faithfully by the War Department, we anticipate that it 
will result not only in an important addition to our knowledge of 
the laws of storms, but will materially diminish the number and 
seyerity of marine disasters. Systems of this kind are already in 
operation in England, France, Holland, Italy, and other countries, 
and are producmg important results. Our Atlantic seaboard is 
more fayorably situated for receiying intelligence of approaching 
storms, than the western coast of Europe, since a majority of our 
yiolent storms haye their origin on the land, and moying eastward 
may be telegraphed in adyance to the principal conunercial cities 
of the Atlantic coast. 

4. 77ie Sar8 Fund,* — We are glad to find that the appeal made 
in our pages by Mr. Gwyn Jetfreys, on behalf of the family of 
the late Professor Sars of Ghristiania, is being warmly seconded 
in Paris by M. Alglave, the editor of the JRevue des Cours Scien- 
Hfiques. In the last number of the Revue Mr. Gwyn Jeifreys' ar- 
ticle is reprinted in extensOy and an announcement made that sub- 
scriptions to the Sars Fund will be received at the office of that 
journal But M. Alglaye has not waited for the publication of his 
notice before beginning his good work ; he has already collected 
the sum of 2,026 francs (81/.), and publishes with the notice a first 
subscription-list containing the names of many of the most emi- 
nent naturalists in France. We have now the pleasure of giving 
in our advertising columns a list of the contributions already prom- 
ised to Mr. Gwyn Jeffreys. Sars belonged to the best type of sci- 
entific men, the genuine lover of science, contented to work in ob- 
scurity without thought of honors or reward. His family have a 
special claim to help, inasmuch as the distress in which they are 
lefl is not due to neglect or extravagance on the part of the lamen- 
ted Professor, but is solely attributaole to his having devoted him- 
self to studies, which, notwithstanding the most self-denying la- 
bors, did not enable him to make any provision for the future. 
Those of our readers who have visited Norway, who know the 
genuine unworldly ways of the Norwegians, and who have enjoy- 
ed the enthusiastic welcome so readily given to the English, have 
now a graceful opportunity of reciprocating the kindly feeling 
shown them by the countrymen of Sars. — NcUurey Feb, 8. 

5. The Family of the late Prof. MicJiael Sars. — In a notice 
of Prof Sars, the editors state in the American Naturalist, Salem, 
Mass., of March, 1869, that in view of the fact that American 
Zodlogists are deeply indebted to Prof Sars for the light he has 
thrown upon many of the lower animals, in the unrivalled invesF- 
tigation embodied in his publications, we feel it a duty to solicit 
aid for his family. Any sum, however small, which may be sent 
them will be welcomed, acknowledged and forwarded to his fam- 
ily through the Norwegian Minister. 

* The death of this emineat zoologist of Xorwajf ^t. Bbta, \& iCL<&\i\KoTA^ m ^\tt 
jBDUMijr Bttmberf on page 144 
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6. LiglUing Power for Buoys, Premium for the year 1871 o/- 
fered by the Net/ierland Society for the Prom,otion of Industry,^ 
One of the greatest impediments to navigation is darkness in buoy- 
ed waters. If it were possible to develop a lighting power in the 
buoys, this difficulty would be greatly diminished, to the advan- 
tage of na V igation. 

The Society offers, therefore, her gold medal (representing a 
value of hundred fifty florins, Neth. Cy.) and an award of three 
hundred florins for the most practical means of investing buoys 
with a lighting power, for service at night. 

Conditions. — I. The answers must bear a distinctive mark, epi- 
gram or motto, and be accompanied by a sealed envelope, contain- 
ing the competitor's name, and bearing outside the same mark, 
epigram or motto as above. 

2. The competitors are requested to communicate an intermedi- 
ate address, in case of eventual correspondence. 

3. The answers and any other accompanying writing must not 
be in the competitor's own hand. 

4. The successful answer becomes the property of the Society, 
which reserves to itself the right of publication. 

6. The Society takes no responsibility for eventual damage to 
models or instruments, illustrative of tlie answers, and reserves to 
itself the right of not returning them to the competitors. 

6. Answers are requested post paid before the 80th of Septem- 
ber, 1871, to the address of the General Secretary and Treasurer of 
the Society, F. W. Van Eeden, Haarlem, the Netherlands. , 

7. Academy of Sciences^ Paris, — Mr. A. DesCloizeaux, the dis- 
tinguished Crystallographer and Mineralogist, whose optical re- 
searches in connection with crystals have done so much to ad- 
vance the science of mineralogy, has been elected a member of the 
Academy in place of the late Sir. d'Archiac ; and Professor Mayer, 
the eminent physicist, in place of the late Professor MatteuccL 

OBITUARY. 

Rev. George Jones, U. S. N. — On the 22d of January, 1870, at 
the Naval Asylum, in Philadelphia, died Rev. George Jones, long 
connected with the United States Navy as a Professor and a Chap- 
lain ; but better known in science for his important contributions 
to our knowledge of the zodiacal light. His labors in this depart- 
ment fill the third volume of the U. S. Japan Expedition, embracing 
observations from April 2d, 1853, to April 23d, 1865, made chiefly 
on board the U. S. steam frigate Mississippi, and are included on 
340 charts, followed by Cassini's observations (10 in number) in 
1685 and 1687. In his Introduction to this volume, Mr. Jones ex- 
presses his intention to spend a year at Quito, Ecuador, with 
a view to compare and extend his zodiacal light observations from 
that equatorial and lofty position. This purpose he executed in 
the year 1856, adding greatly to the fullness of his researches upon 
this wonderful phenomenon. A summary, by himself, of his obser- 
vations in Ecuador was published, with three plates, in vol. xxiv 
of this Journal, 1857, p. ^*Z4 •, \>w\» \Itift ^xeaX txi;^^ oit data then col- 
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lected remain still unpublished. Mr Jones was a patient and most 
conscientious observer, and his contributions in this department of 
astronomy must ever form an important feature in any discussion 
of the phenomenon, notwithstanding Prof. Piazzi Smyth's most ex- 
traordinary and flippant assertion that Mr. Jones had never seen the 
zodiacal light at all ! 

Mr. Jones was the author of Sketches of Naval Life, 2 vols., New 
Haven, 1 829, and Excursions to Cairo, Jerusalem, &c., one volume, 
New York, 1 836, besides other works of a religious character. It 
was largely owing to the asssiduity and patient tact of Mr. Jones 
that the U. S. Naval Academy was created against the instructive 
prejudices of most of the older naval commanders, a labor for 
which he never sought credit or fame, but not the less worthy of 
being remembered and recorded to his lasting honor. Mr. Jones 
graduated at Yale' College in 1823, and was a tutor there from 
1828 to 1830. 

VL MISCELLANEOUS BIBLIOGRAPHY. 

1. 7Vansaction8 of the Chicago Academy of Science^ VoL I, 
Part II, 1869. Large 8vo, with steel engraving and fourteen 
plates. — The first volume of Transactions of the Chicago Academy, 
now completed, does great honor to the society and to the enlight- 
ened liberality of those gentlemen who have furnished the means 
of illustrating it with so many beautiful plates. The first article 
is a biographical sketch of Dr. Robert Kennicott, the late Director 
of the Academy, with portrait and interesting extracts from the 
diaries, written during his weU-known arctic explorations. The 
article on the Antiquity of Man in North America, by Dr. J. W. 
Foster, is of special interest at this time, and contains a sunmiary 
of all the eviaences hitherto obtained upon the subject It is 
illustrated by six plates. The '^ List of the birds of Alaska, with 
biographical notes," by Wm. H. Dall and H. M. Bannister, 
and Prof Spencer F. Baird's descriptive list of the " Additions 
to the Bird-Fauna of North America made by the Scientific Corps 
of the Russo-American Telegraph Expedition," illustrated by 
excellent colored plates of all the species, are very valuable con- 
tributions to American Ornithology. In the former 212 species of 
Alaska birds are enumerated, with valuable notes on their habits 
and distribution. Mr. S. H. Scudder enumerates 46 species of 
butterflies collected by J. A. Allen in Iowa, several of which are 
described as new. v. 

2. Guide to the Study of Insects; by A. S. Packard, Jr., M. D. 
8vo, 702 pages, with eleven plates and 660 wood-cuts. Salem, 
Mass., 1869. Naturalist's Book Agency. — This excellent work, 
published in ten numbers, is now completed. It is really an 
admirable manual of entomology by an author thoroughly versed 
in the science, and who is at the same time an original investigator. 
On this account it has a much higher character than a mere com- 
pilation, which is too seldom the case with ^lentiv&c TtlaJv^xa^& «xA 
text hooks. The work is well illustrated, aud ioWo^^^ \il ^ 
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glossary and full index. The stmcture and classification of insects 
are fully discussed, as far as the families and the prominent genen 
and species in each family are described. It mclndes also iidl 
directions for collecting and preserving insects, and various other 
useful information on transformations, habits, distribution, geo- 
logical history, etc., as well as descriptions of new species and 
^nera in some of the orders. It embraces the Ar<icAnida and 
Jdyriapoda as well as the Hexapod insects, which is quite unusual 
in treatises on entomology. v. 

3. Theory of JSxistence : Part L Devoted to the enunciation 
of the laws which determine the motions that result from the 
collision of ponderable bodies ; by Elias Dexter. 156 pp. 8vo, 
with 5 plates. 1869. New York (Edward Dexter, 664 Broadway). 
— The laws enunciated in this singular book, beginning with ^e 
first paragraph defining velocity, are, with few exceptions, entirely 
at variance with the received principles of mechanics, so that in 
the concluding sections, which are devoted to the refutation of 
Newton's Laws of Motion, the author finds it easy to show by 
reference to the earlier part of his own book, that the views of 
Newton are quite erroneous. The age is prolific in such waste 
efforts by the " advance men ** of the times. 

4. A Practical Treatise on Metallurgy adapted from the last 
London edition of Professor KerVs Metallurgy. Vol. iii; Sted^ 
Fiiel^ Supplement; illustrated with 145 wood engravines; by 
William Crookes, F.RS., and Ernst R5hrio, Ph.D., M.fi. 820 
pp. 8vo. New York, 1870. (John Wiley & Son.) — ^This volume 
IS a most valuable addition to our previous literature upon the im- 
portant subjects of which it treats, and it is not too much to say 
that the metallurgical student will seek in vain, elsewhere, for such 
a comprehensive summary of recent progress in this department 
of knowledge. The arrangement of the materials is excellent and 
the subjects are discussed with all desirable fulness ; thus the Bess- 
emer steel process covers 80 pages ; while proper notice is taken 
of all other methods, even to the Ellershausen process, Bessemer's 
new system of high pressure, hot blast furnaces, and Siemen's 
process of producing steel direct from the ores. The table of con- 
tents covers 21 pages, and exhibits clearly the great range of 
interesting topics which fills the volume. Full references to origi- 
nal memoirs in all languages bearing on steel and fuel add value 
to the work. This is altogether the most important contribution 
of the three volumes, of which it is the last as well as best. 

5. Lithology of the Sea^ of the Old World ; by M. Delessb.— 
Of this work by M. Delesse we have seen only the chart. In the 
work the author, as is stated in a re8um6 received from him, takes 
up the lakes and seas of the old world in succession, describes their 
several features, or peculiarities, the character of the shores and 
bottom, and the relative amount of life distributed over the seve- 
ral parts. The subject is one of great interest and if thoroughly 
carried out, would make a very important contribution to the sci- 
enoes of geology and p\iy«vca\ g^o^T^^Vi^. TVv^ ma^ is an exceed- 

inglj beaotifiu example of engtw^vii^ wi^ c^qtoi^. 
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" Nature,'*'* — ^This scientific weekljr, published by MacMiUan & 
Liondon,* the first number of which was noticed in our last 
ne (p. 451) sustains well the promises made in its prospectus, 
popular in the character of many of its articles, and well fur- 
d with the scientific news of the day, besides reviews of new 
8. It is not in any proper sense a special orean of Darwin- 
which the first number seemed to suggest. Illustrations are 
given when the subjects require it. The number for Decem- 
^ontains a map of a part of Africa, presenting a view of the 
t discoveries and 'Livingstone's route, which would be conven- 
to readers of Livingstone's letter in the last number of this 
aal, and that for Jan. 20th has a map of the polar regions, and 
Dutes of the recent exploring parties in that direction. 
Paris Universal Mcpositiorij 1867 ; Reports of the United 
s Commissioners, — We have already made mention of some 
B more important of these Reports, and have offered the titles 

which have appeared up to this time, and copies of which 
reached us by the courtesy of the editor, Professor Wm. P. 
:jb, who has carried these documents through the press in a 
ler creditable to the occasion. 

ichinery and Processes of the Industrial Arts, and Apparatus 
e Exact Sciences ; by Fbedebick A. P. Babnabd, LjLD. pp. 

Plates, 
lamination of the Telegraphic Apparatus, and the Processes in 
jraphy ; hj Sakusl F. B. Mobse, LL.D. pp. 166. Plates. 
le Production of Iron and Steel in its Economic and Social 
tions ; by Abbam S. Hewtit. pp. 1 88. Plates, 
iport upon the Precious Metals : being statistical notices of 
•rincipal gold and silver-producing regions of the world, repre- 
td at the Paris Universal Exposition ; by William P. Blake. 
^69. 

e Progress and Condition of Industrial Chemistry; by J. 
BENCE Smith, pp. 146. Plates. 

(neral Survey of the Exhibition, with a Report on the Char- 
' and Condition of the United States Section, pp. 324. 
le Manufacture of Beet Sugar and Alcohol, ana the Cultiva- 
of Sugar Beet ; by Henby F. Q. D'Aligny. pp. 90. Plates, 
(port on Corals ; by Samuel B. RuaoLES and G. S. Hazabd. 
26. 

(port upon Cotton ; by E. R. Mtjdge, with a Supplemental 
•rt by B. F. Noubse. pp. 115. 

;port upon Buildings, Building Materials and Methods of 
ling ; by James H. Bowen. pp. 96. 

jport upon Wool and Manufacturers of Wool ; by E. R. 
OE, assisted by John L. Hayes, pp. 148. 
eparation of Food. Pressed or Agglomerated food. Culture 
ftoducts of the Vine. Photographs and Photographic Appa- 
I. Outline of the History of the Atlantic Cable. School 
les and the Means of Promoting Popular Education. 

he subscriptioD price for " Nature " la fourpenoe ; ot tot Kmen^ «:&«saitrosL- 
r tbe bouse of Uaomillan A Co.y 63 Bleeker st, "Sew Tof\t, \^ <:«ii\A Bb-nssa^- 
^d $5.00 B jretw. 
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Report on Silk and Silk Manufacturers ; by Eliot C. Cowdiu. 
pp. 61. 

Report on Instruments and Apparatus of Medical Surgery and 
Hygiene ; by Thomas W. Evans, M.D. pp. 70. 

Report on the Fine Arts, and the Fine Arts applied to the 
Useful Arts ; by Frank Leslie, 8. F. B. Mobse and Thomas W. 
Evans, pp. 43. Plates. 

Report on B6ton-0oignet : its fabrication and uses. Report on 
asphalt and bitumen, and their application to streets, roads, build- 
ings, &c. ; by Arthur Beckwith. pp. 21,* and 81 plates. 

Report upon Steam Engineering, as illustrated by the Paris 
Universal Exposition, 1867 ; by William S. Auchinoloss. pp. 72. 

Report on the Munitions of War ; by Chas. B. Norton and W. 
J. Valentine, pp. 213. 

In addition to the foregoing reports, there are yet to come 
others on the following subjects : Mining ; Clothing ; Engineer- 
ing Works ; Education ; The history of the Organization and 
Progress of the Exhibition; including titles^ list ofreports^ authon^ 
tables of weights and measures^ etc. The whole series will be bound 
in six volumes of some 600-700 pages each. 

Pbogeedinqs Amkrioax Philosophical Soc., Vol XL — ^p. 119, Prodromua of » 
gtudy of the Fresh Water Algse of Eastern North Amenca; H, C, Wood^ Jr.^f. 
147, Seventh Contribution to the Herpetology of Tropical America; R D, Oopt.—^ 
171, Sjmopsis of the Extinct Mammalia of the Cave Formations in the United States, 
with observations on some Myriapoda found in and near the same ; E. D. Cbp&— 
p. 195, Some Suggestions on the maintaining foroes of Cosmical motion; W. S. 
Lowrie.—^. 202, Tidal Rain-fall; P. E. Chaae.^^. 204, Abstract of Results of 
Measurements and Examinations of the Photographs of the Total Eclipse of Aug. 
7, 1869; A. Mayer.— p. 209, Profile of Recent Mood in the Schuylkill; J. C, Cret- 
«m.— p. 213, Indian Relics from New Jersey; O. B. Wood. — p. 216, Comets and 
Meteors; D. Kirkwood, — p. 220, Search for a Normal Cause of the Recession of 
Cosmical Nodes; W. H. Lowrie. — 226, Medical Activity of the Hemp Plant tt 
grown in North America; H. C. Woody Jr. — ^p. 233, Silver Coins; W. E, DuBoit.-^ 
p. 235, Coal Borings in the Wilkesbarre Basin ; P. W. Sheafer. — ^p. 237, Supposed 
Laurentian Fossil ; R. J. lioacoe. — p. 237, Experiment on the Revival of Peach Trees; 
G. B. Wood.—^. 240, Second Addition to the History of the Fishes of the Creta- 
ceous of the United States ; E. D. Copt. 

Proceedings Boston Soc. Nat. Hist., Vol XIII. — p. 139, MoUuscan Fauna of 
New Haven, part II, Acephala and Bryozoa; G. K Perkins. — ^p. 167, Occurrence 
of the Remains of TUrandus rangifer Gray, at Big Bone Lick, Kentucky; N. S. 
Shaler. — ^p. 169, American Lepidoptera, II, Phalsenidse; C. S. Mimoi. — p. 172. Na- 
tive Carbonate of Magnesia from California; G. T. Jackaan. — p. 172, Remarks on 
the Relations of the Rocks in the vicinity of Boston; K S. Shaler. — p. 178, Notei 
on the Mammals of Iowa ; J. A. AUen. 

Annals Ltc. Nat. Hist, op New York. Vol. IX, No. 8. — ^p. 237, Catalogue of 
Birds from Puna Island, Gulf of Guayaquil, in the Museum of the Smithsonian Insti- 
tution, collected by J. F. Reeve ; G. N. Lawrence. (Continued.)— p. 238, Additional 
Notes on the Geographical Distribution of Land Shells in the West Indies ; T. Biaad. 
— p. 242, Note on Loven's Article on ''Leskia mirabilis. Gray;" A. AgaasvL — pi 
246, Observations on a Collection of Chalchihuitls fh>m Central America ; K 0. 
Squier. — p. 265, Characters of some New South American Birds, with Notes on 
oUier rare or little known Species ; G. K. Lawrence. — ^p. 276, On the names ap* 
plied to Pisidium, a genus of Corbiculad»3 ; T. Prime. — ^p. 280, list of the Speciei 
of MoUusca found in the vicinity of North Conway, New Hampshire ; T. "^ ' 
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Abt. yynr. — On a method of prodttcingj by the Electric sparky 
figures similar to those of Lichtenberg ; by Eli W. Blake, Jr. 

Lichtenbebg's figures, discovered in 1777, are a result of 
the attraction of an electrified surface for light particles of elec- 
trified or unelectrified dust Prof Hood has shown that figures 
€Qtirel J similar in form are produced, when the spark is aUowed 
to Mi on the sensitized collodion flhn of an ordiiiary photo- 
graphic plate, and the latent image is developed in the usual 
way. 

The method I have to describe consists in throwing the dis- 
ehaise upon the surface of a fusible non-conducting body. K 
"Uie Dody be near its ^ing point the figure appears at once, — 
i£ cold, a latent image exists which may be " developed " by 
lieat 

The non-conductinff surface is prepared by coating a plate of 
metal with an even film of pitcL Pieces of sheet-tin, 8 inches 
square, coated with films of pitch of a thickness varying be- 
tween 0*01 and 0*02 in., were used in most of my experiments. 
The pitch was the ordinary commercial article, freed from sand, 
fiagments of bark, &c., by being melted and strained through 
m muslin bag. Shellac, rosin, Burgundy-pitch, bees-wax and 
Canada balsam were in turn tried as substitutes for pitch, but 
^th unsatisfactory resulta 

A simple apparatus for holding the plate during the dis- 
charge, is represented in fig. 1. The upright B supports the 
iosubitin^ arm C, — a rod of glass, which may be turned in its 
beuin^) but is prevented from moving longitudinally. The 
um C nolds the wire D. This wire slides up and down with 
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considerable friction so as to retain any position given to it It 
is graduated to tenths of an inch, and terminates, at one end, 

1. in a sharp point — at the other, in a 

metai ball i inch in diameter. Di- 
rectly beneath D is a similar wire, 
E, passing through the board A, 
and held by friction. Around E, 
at the comers of a three-inch square, 
are disposed four insulating posts, 
upon which the prepared plate is 
laid. 

In experimenting, merely to 
obtain the figures, the arm G » 
turned so as to bring the wire D into a horizontal position,** 
the prepared plate is laid upon the insulating posts (for the + 
figure with the pitch side uppermost). The wire E is made to 
touch the plate below, and is put in connection with the eaitk 
D is then made vertical, and is adjusted to the desired strikiiK 
distance. An insulated connection being made between DttsS 
a charged prime conductor, the -I- spark passes over to the jSA 
The — figure is obtained when the pitch side is beneath, D in 
contact with the plate, and E depressed to the proper striking 
distance. The discharge having taken place, D is again made 
horizontal, and the plate may oe removed for development 
This process consists in gradually warming the plate over a 
lamp. The metal side must be presented to the lamp, as the 
slightest touch of a flame on the excited pitch instantly diafr 
pates the electricity. At a certain temperature, (in my expeo^ 
ments about 60° (?.,) the figure will begin to appear, andmf 
few seconds the development is completed. Tne plate hAif 
now allowed to cool, the figure becomes permanent If the pliil 
be overheated the figure is destroyed. It may be instantly ob- 
literated by exposure for a second to the naked flame, and 
the plate may tnen be used again. The proper temperature for 
development is some degrees below the real fusing point of 
thepitch used. 

Tiie figures, obt.ained as described, are formed by depression! 
and elevations of the excited surface. The depressions would 
appear to be the true figures, as they correspond exactly in form 
to those obtiiined by Lichtenberg. The plate may ie dusted 
before develo])ment ; the form thus revealed will be reproduced in 
depressions upon warming. The depth and sharpness of these 
depressions vary with the ouantity of electricity, and the thick- 
ness of the film of pitch. The thinner the film, the sharper the 
lines. The exact depth of the depressions below the general levi 
is very difiioult to measure, owing to the elevations produ«A 
In films of 0O15 in. thickness, the deepest lines are about O'OOBl 
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en cold, the pitch is sufficiently hard to allow of several 

isioiis being taJien &om it in printing ink. The wood-cuts 
below were made from such impreastona, transferred to a 
and then engiived. The white portiona therefore repre- 

epressiona. The " ground," representing the level eurmce 
pitch, was lightened b; ruling, so as to bring out the ex- 

nng of the negative figure. 

Fnctio?ial Electricity. 
' I ■*■ m Ixdla. — The positive spark produces the fig- 
ure of a star (2 and Si 
I Sometimes the rays di- 
verge almost from the 
center, but generally the 
central portion is broken 
up into a confusion of 
minute elevations, which 
in the cuts show as dots. 
The rings sometimes 
^____^^^^^^^^^_^___^ seen in this central por- 
B spuk rt«ai i inch b&lli. Striking dis- tion resemble the nega- 
*'°""> i ^'^ tive figures, and surest 

ea of oscillations in the discharge. 
) n^ative spark gives the fi^re shown in (4). An ele- 
vated ring forms the outer bonnd- 
r — ' ~ ^ ary ; inside of this comes a deeply 
^'■~~" >^ depressed circle sttttounding a cir- 
, \ cular disc, whose surface is so ir- 

Ite, -■ \ regular that I have not been able 

HB9|^^^^^ to determine whether it is, on the 
^^^^MS^K whole, above or below the general 
^^^^H^MM levgi of ttig pitch film. Perfectly 
t^J'""* similar figures were obtained by 
* means of the electricity developed 

e Hok machine, the electophorus and that accumulated 
leydenjar.* 

cnan/e Jrom Points. — When a single, instantaneous dis- 
i, from a fine point, falls upon the film, figures similar to 
iregoing, but not so regular, are obtained If, however, 

urperuneiiting with ■ well charged Leydeti jar, if the eleotrodea D and B 
u« (MDDeclcd with the poat^ngs of the jar, the discharge ia so violent aa to 
« the film or pilch. Surrounding the minute perforation is a circular crack. 
ly the drcular fragment thus set free ia thrown out, and in the cenlar of 
'ht spot of tin expoeed, a miaute dot ia seen. On eiamination bj a magni- 
rai be Ken that the tin la fused at thia poinL That thia ia not a thermo- 
•etion of the tin, and iron, is proved bj the fact that the fusion takes place 
- the diacbaifie i« poaitivB ot negative. In udng such a jar for the produc- 
is tlie electrode E ahould bo removed and the spark thrown on the in- 
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the discharge be of negative electricity, and be continued for 
a short time, (e. g. during a quarter-revolution of a 20-iiich 
plate of the ordinary frictional machine,) ihe first effect of de- 
veloping is to bring out a £&ir, which might readily be mistaken 
for the positive figure. Inspection shows however that tbt 
rays are not depressed, but elevated Tb^ rays are generallj 
more or less curved, and resemble the projection on a plane 
of the meridians of a hemisphere. The plane of projection it 
different in almost every figure. Precisely such a star ocean 
in the figure, given below, of the negative spark fix>m the in- 
duction coiL 

If the discharge from the point be continued for some second^ 
the plate, on developing, shows an infinity of minute circnlw 
depressions with no characteristic distinctiou between +Eaad 
— E. In developing these plates, especially those charged with 
— E, vivid sparks may be seen to nae from the pitch, visible 
even in broad day-light 

Figures produced by the Induction CoiL 
The coil used in these experiments was made at Euhmkorff 's 
establishment in Paria It is capable of giving an 8-inch spark, 
but, by reducing the primary current, the striking dislanoe 
was brought down to J inch. A single Bunsen's cell wm 
used, — the carbon being withdrawn so as barely to touch the 
nitric acid. 





The positive figure obtained is represented in the accompuij- 
ing cut (6). Except its larger size, as compared with frictioial 
electricity of the same striking distance, there is nothing nolitt- 
able in it 
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The corresponding negative figure is seen in (7). The cen- 
tral star with curved rays, referred to above, is surrounded by 
a deeply depressed circle, which is bounded by a slightly ele- 
vated nng. The terminal wires evidently acted here as points, 
for the star was not obtained when the discharge took place 
firom balls. 

SimuUaneous prodxiction of the Positive and Negative Figures. — 
For this, a plate coated with pitch on both sides is required. 
The electroaes D and E (fig. 1) are adjusted at equal distances 
fiom the upper and lower surface of the plate. Upon connect- 
ing D with the prime-conductor the positive spark falls upon 
the upper, while the negative spark leaps up to the lower sur- 
fece of the plate. Development by the lamp, without oblitera- 
tion of one of the figures, being impossible, the plate may be 
heated in an air-bath to about 60°-65° C. It is more conven- 
ient, however, to throw the discharge upon the plate when warm, 
the fibres then appear at once. By using plates of glass, or 
mica, instead of metal, the relative size of the figures is at once 
seen. The negative figure is considerably less in diameter than 
the positive.* This fact explains why, when H-E and — E are 
thrown on the same spot, they do not neutralize each other and 
Hbe resulting figure is a combination of the two. 

An interesting fact, in connection with this subject, is the 
length of time that may elapse between the reception of the 
spark by the plates, and the development of the figure. Sev- 
eral plates were charged in immediate succession, and developed, 
one oy one, at intervals of two hours. The last, developed 
after twelve hours, showed hardly any loss in depth or sharp- 
HBBS, although the weather was damp and unfavorable. Of 
inotiier series, the last, developed after seven days, still came 
out distinctlv. 

A chained plate may be breathed upon, and the condensed 
Moisture be allowed to evaporate, several times, without appar- 
iptlj injuring the latent image. To test the discharging power 
aiif a point, the following experiment was mada One end of 
li copper wire was filed to a sharp point ; the other end was 
then soldered to a metal plate. This plate had two intersecting 
lines scratched on its suriace, and was coated with pitch. The 
spark having been made to fall on the spot marked out by the 
Intersection of the lines, (visible through the pitch), the copper 
wire was bent over so that its point was directly over the cen- 
ter of the latent image and very near it After 12 hours, this 
plate, on developing, gave a good figure. 

From the manner in which the figures are produced, it would 
appear that they are due to the attractions and repulsions of the 

• Riess has shown fPogg. Ann., B. Ixix), that the areas of the surfaces occu 
|»ed bj +E and — E or equal quautity, and deve'oped under the same conditions, 
are aa 7: 1. 
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excited surface.* This seems proved beyond doubt by the iden- 
tity of the Lichtenberg figures, with the depression figures pro- 
duced on developing. No chemical change of the pitch could 
enable it to attract dust 

As the point of temperature at which developement begins 
is considerably below the true fiising point of the pitch, the 
work performed by the electricity is no inconsiderable quantity. 
Does the electricity disappear in performing this work? The 
fact that the depression of the surface stops at a certain point, 
while the attraction for the opposite E on the metal plate snould 
be constantly growing stronger, seems to point to an affirmatiTe 
answer. As pitch, however, is said to become a conductor when 
fused, it may be that the two electricities are gradually trans- 
mitted and neutralize each other. Experiments have been un- 
dertaken in the hope of obtaining a decisive answer to this 
question, but as yet with no result worthy of publication. 

ComeU Univ., Ithaca, N. Y., Feb. 6th, 1870. 



Art. XXX. — On the Magnesium and Electric Lights^ as applied 
to Photo-Micrography ; by Brevet Lt-Col. J. J. WoonWABD, 
Assistant Surgeon, U. S, Army. Report to Brevet Major 
General J. K. Barnes, Surgeon Generjil of the United Stales 
Army, dated Army Medical Museum, Microscopical Section, 
January 4, 1870.t 

I HAVE the honor to inform you that, on the 25th of October 
last, I began to conduct in person a series of experiments, in- 
tended to devise means for escaping certain difficulties which 
had hitlierto prevented the successful preparation of Photo-mi- 
crographs of specimens, selected from tne valuable and daily in- 
creasing series of permanently mounted microscopic sections of 
normal and pathological tissues, which form so interesting a 

fortion of the treasures of the Museum. In these experiments 
used the sun as a source of illumination, and, following the 
pn)cess which I have described in full elsewhere,^ I had no dif- 
ficulty in arranging a method, by the aid of which this class of 
objects could be photographed quite as successfully and readily 
as the diatoms and other test objects which had previously been 
so satisfactorily reproduced in this section of the Museum. I 
shall take occasion m the course of a few days to lay before you 

♦ The laws of attraction and repuljiion, for both positive and negative electri* 
city beinfc the same, it is not clear to what cause the difference of the figtires i* 
to be attributed. 

! Communicated for this Journal by Lieut Col. J. J. Woodward. 
Circular No. 6, War Dcimrtment, Surgeon General's Offioe, Nov. 1, 1865, pagt 
148, et aeq. ; tliis Journal, II} vol xlii, Sept, 1866. 
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prints of some of the tissue-preparations thus reproduced. At 
present it is my desire to call your attention to certain impor- 
tant observations which I had the good fortune to make, wnile 
my experiments were in progress, and which it appears to me 
cannot &il to be of interest and service to all microscopists. 

During the last week of October and the first two weeks of 
November, I relied wholly on the sun as the source of illumina- 
tion for producing n^atives. In this period, during which I 
had but two perfectly cloudless working days, and several frac- 
tional days on which my work was continually interrupted bv 
passing clouds, I had ample opportunity to convince myself 
that the uncertainty of the weather was a most serious hin- 
drance to the preparation of successful photographs of micro- 
acopic objects, and I ceased to wonder that European micro- 
scopists, who are exposed to a climate even more variable than 
our own, have not yet succeeded in placing the art of Photo- 
micrography upon such a basis, as to make a convenient and 
habitual auxiliary in all microscopical investigations. This 
desirable end I believe I have attained ; but it has been by 
resorting to artificial lights and thus making the success of the 
process wholly independent of the weather. 

On the 12th of November I commenced a series of experi- 
ments with artificial lights which were most fortunately crowned 
with success, both the ma^esium and the electric lights prov- 
ing adecj^uate sources of illumination for the production of 
Photo-micrographs even with the highest powers. 

For the production of the electric light I used a Duboscq's 
lamp, set in motion by a battery of fifty small Groves' elements. 
I found that, with this source of light, photographs could be 
saccessfully taken with any power with which pictures can be 
taken by simlight ; and I was delighted to find^ as I had anti- 
cipated, that the very exaggeration of light and shadow which 
lias prevented the electric light from being generally adopted 
as a source of illumination in the preparation of photographs of 
the size of the object, or smaller, proved of immense advantage 
in the reproduction of the feeble microscopical images of highly 
magnified objects, and that the pictures were hence clearer and 
better defined than any photographs of similar objects I had 
hitherto seen produced oy sunlight. I found ako that the 
electric light was so much more manageable than sunlight as a 
source of microscopic illumination, that I could readily arrange 
it to produce negatives with much shorter exposures than are 
indispensable with the sun. 

The magnesium light shared these qualities to a high degree, 
but I found that its best work was done when the object was 
not to be magnified more than a thousand diameters, and that 
there were certain limitations to its use on test objects which 
will be referred to in the sequeL 
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excited Burfaoe.* This seems proved beyond doubt by the idai- 
tity of the Lichtenberg figures, with the depression figures pro- 
duced on developing. No chemical change of the pitch oould 
enable it to attract dust 

As the point of temperature at which devdopement begins 
is considerably below the true fiising point of the pitch, the 
work performed by the electricity is no inconsiderable quantity. 
Does the electricity disappear in performing this work? Toe 
fact that the depression of the sunace stops at a certain point, 
while the attraction for the opposite E on the metal plate snould 
be constantly growing stronger, seems to point to an affirmative 
answer. As pitch, however, is said to become a conductor when 
fused, it may be that the two electricities are gradually trans- 
mitted and neutralize each other. Experiments have been un- 
dertaken in the hope of obtaining a decisive answer to this 
question, but as yet with no result worthy of publication 

ComeU Univ., Ithaca, N. Y., Feb. 6th, 1810. 



Art. XXX. — On the Magnesium and Electric Lights^ as appUed 
to Photo-Micrography ; by Brevet Lt-CoL J. J. WoODWABD, 
Assistant Surgeon, U. S. Army. Report to Brevet Major 
General J. K, Barnes, Surgeon Genemi of the United States 
Army, dated Army Medical Museum, Microscopical Section, 
January 4, 1870.+ 

I If AVE the honor to inform you that, on the 26th of October 
last, I began to conduct in person a series of experiments, in- 
tended to devise means for escaping certain difficulties wliich 
had hitherto prevented the successful preparation of Photo-mi- 
crograplis of specimens, selected from the valuable and daily in- 
creasing series of permanently mounted microscopic sections of 
normal and pathological tissues, which form so interesting a 

rirtion of the treasures of the Museiun. In these experiments 
used the sun as a source of illumination, and, following the 
process which I have described in full elsewhere, j I had no dif- 
nculty in arranging a method, by the aid of which this class of 
objects could be photographed quite as successfully and readily 
as the diatoms and other test objects which had previously been 
so satisfactorily reproduced in this section of tiie Museum. I 
shall take occasion m the course of a few days to lay before you 

♦ The laws of attraction and repulsion, for both positive and neg^atiye etocoi- 
city being the same, it is not clear to what cause the difference of the fignres it 
to be attributed. 

! Communicated for this Journal by Lieut Col. J. J. Woodward. 
Circular No. 6, War Department, Surgeon General's Office, Nov. 1, 1865, pig* 
148, eL aeq. ; this Journal, II, vol xlii. Sept, 1866. 
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prints of some of the tissue-preparations thus reproduced. At 
present it is my desire to call your attention to certain impor- 
tant observations which I had the good fortune to make, wnile 
my experiments were in progress, and which it appears to me 
cannot fiiil to be of interest and service to all microscopists. 

During the last week of October and the first two weeks of 
November, I relied wholly on the sun as the source of illumina- 
tion for producing n^atives. In this period, during which I 
had but two perfectly cloudless working days, and several frac- 
tional days on which my work was continually interrupted by 
passing clouds, I had ample opportunity to convince myself 
that the uncertainty of the weather was a most serious hin- 
drance to the preparation of successful photographs of micro- 
scopic objects, and I ceased to wonder that European micro- 
scopists, who are exposed to a climate even more variable than 
our own, have not yet succeeded in placing the art of Photo- 
micrography upon such a basis, as to make a convenient and 
habitual auxiliary in all microscopical investigations. This 
desirable end I believe I have attained ; but it has been by 
resorting to artificial lights and thus making the success of the 
process wholly independent of the weather. 

On the 12th of November I commenced a series of experi- 
ments with artificial lights which were most fortunately crowned 
with success, both the ma^esium and the electric lights prov- 
ing adec^uate sources of illumination for the production of 
Photo-micrographs even with the hijghest powers. 

For the production of the electric light I used a Duboscq's 
lamp, set in motion by a battery of fifty small Groves* elements. 
I found that, with this source of light, photographs could be 
successfully taken with any power with which pictures can be 
taken by sunlight ; and I was delighted to find, as I had anti- 
cipated, that the very exaggeration of light and shadow which 
has prevented the electric light from being generally adopted 
as a source of illumination in the preparation of photographs of 
the size of the object, or smaller, proved of immense advantage 
in the reproduction of the feeble microscopical images of highly 
magnified objects, and that the pictures were hence clearer and 
better defined than any photographs of similar objects I had 
hitherto seen produced oy sunlight I found also that the 
electric light was so much more manageable than sunlight as a 
source of microscopic illumination, that I could readily arrange 
it to produce negatives with much shorter exposures than are 
indispensable with the sun. 

Tlie magnesium light shared these qualities to a high degree, 
but I found that its best work was done when the object was 
not to be magnified more than a thousand diameters, and that 
there were certain limitations to its use on test objects which 
will be referred to in the sequel 
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With one or the other of these artificial lights as a souroe of 
illumination, I have prepared a considerable number of na- 
tives of interesting microscopical objects, of which a few are 
appended to this report by way of illustration, while the others 
will be laid before you in future reports on special subjects. 

The magnesium and electric lights are mentioned as possible 
sources of illumination for the production of Photo-micrographs 
by Dr. Lionel Beale, in the 4th edition of his ** How to Work 
with the Microscope," page 275. I am not aware, however, that 
any one has made successful n^atives with high powers with 
either of these lights prior to the experiments here recorded 
There are in the Museum a few photographs with low powers 
taken with the magnesium light by Dr. C. F. Crehore, of Bos- 
ton, Masa, who kindly presented them August 8, 1866. Nega- 
tive No. 90, old Microscopical Series, Army Medical Museum, 
represents a few villi from the small intestine of a mouse, pho- 
tographed by the electric light with a y^th objective of Wales 
arranged to magnify 84 diameters. The electric light was pro- 
duced by forty Bunsen's cells, and as I had no electric lamp at 
the time, I held the carbon points in two retort holders and 
managed as best I could, during the exposure, the uncertain 
light thus produced. I know of no other Photo-micrographs 
than the above to have been actually made by the electric or 
the magnesium lights ; certainly if any have been, they have not 
been suflSciently successful for their authors to be willing to 
give them any degree of publicity. I have no hesitation, there- 
fore, in claiming for the Museum and for myself the credit of 
having demonstrated the serviceable character of these lights as 
sources of illumination for the preparation of n^atives with 
high powers, and of having devised a simple method which 
brmgs their use within the reach of every microscopist 

I propose now to sketch briefly the process by which na- 
tives of microscopic objects can be conveniently produced with 
these artificial lignts. 

1. The electric light is by far the best of all artificial lights 
for the production of photo-micrographs, and, when used as I 
am now about to describe, it is both convenient and economical 
I use a Grove's battery of fifty elements. The battery is placed 
just outside of the operating room in a closet from which the 
fumes escape through an earthen pipe into the main chimney of 
the building. This battery was furnished by Mr. William Ladd, 
Nos. 11 and 12, Beck street, Eegent street, London, W. The 
rubber cups are 4J inches high, SJ wide and 2 tliick. The plati- 
nums are 5^ inches by 2J, and weigh about 60 grains each. 
The zincs are bent on themselves so as to present a part of their 
surface on each side of the platinums, and weigh, when new, 
about a pound apiece. Mr. Ladd furnishes these batteries in 
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trays of ten elements, at five pounds sterling per tray, and I find 
that a battery of five trays is sufficient for most purposes. Seven 
pounds and a half of strong commercial nitric acid, and three of 
sulphuric, diluted with ten times the quantity of water, is suffi- 
cient to charge this battery, which wul then produce the light 
continuously for from three to four hours. The cost of runnmg 
the battery for this time, including in the estimate the amount 
of zinc consumed, and the cost of amalgamating every third or 
fourth time of using, is very moderata I make it a practice to 
have the battery washed out, the acids thrown away and the 
porous cups put to soak immediately after I have done the day's 
work, ana all this is so simple that I have no difficulty in in- 
structing an orderly to do it, so that the management of the bat- 
tery does not occupy any part of my time. 

The Duboscq's lamp, the microscope and the plate holder are 
arranged in a daik room which enables me to dispense with the 
use of a camera. The general arrangement of the apparatus is 
aho¥ni in the cut 

The electric lamp of Duboscq (a) is placed on a stool against 
the wall at one end of the room, and its light concentrated by a 
pair of condensing lenses (6) on the lower lens of the achromatic 
condenser of the microscopa The microscope (c) (a large Powell 
and Lealand's stand) is placed on a small table (e) which is so 
arranged that it can be lowered or elevated at pleasure and can 
be levelled by means of three levelling screws at its base. 
The plate holder {g\ also arranged so that it can be raised or 
lowered at pleasure, is supported by a small table {/) wliich 
stands on three levelling screws. The floor of the apartment is 
quite leveL The lenses employed for the microscope are those 
of Mr. William Wales of Fort Lee, New Jersey, specially 
constructed for bringing the actinic rays to a focus. For powers 
above the -J-th, however, I have found that the achromatic 
objectives of Messrs. Powell and Lealand, of London, answer 
an excellent purpose, and indeed that their immersion yV ^x* 
ceeds in defining powers any objective which has as yet come 
under my notice. 

In taking photographs with this apparatus, I proceed as fol- 
lows : The electric lamp being set in motion, the table holding 
the microscope (which has previously been levelled), is raised or 
lowered and moved from side to side till the center of the achro- 
matic condenser is brought to the center of the illuminating 
pencil proceeding fi^m the lamp ; the object is then placed on 
the stage and carefully adjusted. A cell of plate glass contain- 
ing a saturated solution of tlie ammonio-sulphate of copper is 
fixed just below the achromatic condenser, and not only pre- 
vents the admission of non-actinic rays, but excludes the very 
great heat which accompanies the electric light, and also mode- 
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rates ita effect upon the eye of the oheerver. The light tlrna 
produced is very agreeable to the eye, and I find myBelf able to 
work with it from four to five hours without fatigue. It haa 




also the advantage that all the colore of the object examined 
disappear, and the preparation appears black on an azure field 
which resembles the sky on a clear day, so that the observer 
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sees at a glance how the object will appear in the photograph 
(in which the same black lines or tints will be faithmlly repro- 
duced on a white field) and is thus enabled to arrange his 
achromatic condenser and other adjustments so as to produce 
the most satisfactory effect 

Everjr thing havmg been arranged at the microscope to the 
satisfaction of the observer, the eyepiece is taken out, and the 
image allowed to fall on the ground glass of the plate holder, 
which has pi*eviously been placed at the distance necessary to 
give the magnifying power desired with the objective employed. 
The operator adjusts the plate holder to the right height and 
sees that it is perpendicular to the optical axis of the microscope, 
which he readily does by observing that all parts of the field 
are equally in focus. He then takes out the ground glass and 
finishes the fine adjustment with a sheet of plate glass and a 
focussing glass, after which the sensitive plate is inserted, the 
exposure made and the operation is finished. 

To enable the observer to focus the microscope while sitting 
at a distance from it at the sensitive plate, the following con- 
trivance is employed On the table wnich supports the micro- 
scope (e) two brass shoulders, each two inches high, are screwed. 
Through these runs an iron rod nine inches long, on which slips 
a brass pulley {d) which can be clamped at any point A cord 
connects this pulley with the wheel of the fine adjustment of 
the microscope which is grooved for the purpose. It is evident 
that whenever this iron rod is turned, tiie pulley turning with 
it will move the fine adjustment of the microscope. To efi'ect 
this the iron rod terminates in a sauare extremity, so that a 
joint of an ordinary fishing rod, to wnich a brass ferrule shaped 
like a watch key, has been rivetted, enables the operator to 
focus the microscope at anyordinary distance. When greater 
distances are required two joints of the rod may be used. The 
rod, being graduated into feet and inches, enables the operator to 
record the distance employed for each picture. When the focus- 
sing is completed, the rod is removed. I have found this simple 
and cheap arrangement superior in delicacy and convenience to 
any of the more costly arrangements. I have heretofore tried. 

The chemical processes, employed in taking the negatives, do 
not differ in any respect from those used in ordinary photo- 
graphic work, and I nave found that by employing a practical 
photographer, allowing him to manage the dark room and con- 
fining my whole attention to the optical arrangements, I not 
only get many times more pictures in a day, but they are much 
better than can be produced by any one wno attempts to do the 
photographic work, as well as manage the microscope himselC 

I find myself thus enabled to sit down quietly of an evening, 
and during four hours work to produce fi-om twelve to thirty 
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negatives or more, in accordance with the difficolty of the sub- 
jects and my previous knowledge of them. Any micioacopist 
who is willing to go to the moderate expense of battery and 
lamp, and to add two or three speciaUy constnicted objectives 
to his microscopical ap{)aratiis, can, by employing a photog- 
rapher one or two evenings in the month, reproduce all the 
more interesting of his month's observations with a degree of 
economy and beauty not to be obtained by any other means, 
and if he follows the method I have above described, the charac- 
ter of his results will be conditioned by his skill as a micros- 
eopist rather than by any other circumstance. As to the time 
of exposure required for taking n^atives with the electric light, 
I fina that for one thousand diameters about thirty seconos is 
necessary for that class of objects, (such as Angulatum, the No- 
bert's plate, &a,) for which it is not necessary to employ a 
ground glass plate to prevent interference phenomena. In pno- 
tographmg the soft tissues and many other objects, it is neces- 
sary to insert a piece of ground glass below the achromatic 
condenser to escape the interference phenomena which else 
occur, precisely as must be done in photographing the same ob- 
jects by sunlignt This increases the time or exposure to about 
three minutes for one thousand diameters. Other powers require 
poportional time& 

2. The magnesium light affords a beautiful source of illumina- 
tion comparaole to white cloud illumination of the best charac- 
ter, or to the light of the sun after it has passed through a sheet 
of ground glass. Without the use of ground glass, this light 
serves admirably for the production of photographs of the soft 
tissues with any power under a thousana diameters. The light 
being composed of a mixed pencil, with rays passing in all 
directions, there are no interference phenomena, but for the same 
reason, on the Nobert*s plate and many test objects, the results 
are inferior to those produced by the sun or by the electric 
light; with powers much higher than a thousand diameters, 
however, the time of exposure becomes inconveniently long. 

The process employea by me in the production of negatives 
with the magnesium light, is essentially the same as I have 
above described for the electric light, simply the magnesium 
lamp is substituted for the electric, and the condenser of an or- 
dinary oxy-calcium magic lantern is made to concentrate the 
light on the achromatic condenser of the microscope. The cut 
represents the arrangement The magnesium lamp (a) stands 
on a shelf fastened against the walL The condenser (6) concen- 
trates the light on the lower lens of the achromatic condenser of 
the microscope, (c) which stands on a table {e\ supported on 
three levelling screws. The image received on tne ptate holder, 
ig) which is supported on a table, (/) is photographed precisely 
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as in the case of tlie electric light as above described. The 
same focussing apparatuf! (<^ is employed and the ammonio- 




sulphate cell should invariably be inserted, but the ground 
glass is never necessary. I &nd that it requires exposures of 
about three minutes to produce negatives of tiasue-preparations 
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with five hundred diameters. Other powers require propor- 
tionate exposurea 

The magnesium lamp used by me for this Durpose was the 
two-ribbed lamp of the American Magnesium Company, (Na 2 
Liberty Square, Boston, Mass.,)8old by that company tor magic 
lantern purposes, price $50. The riboon weighs a1x)ut 52 cen- 
tigrammes per metre, and is sold at $2.50 per ounce. Two 
ounces will, with care, answer for three or four hours constant 
work, and ouffht to produce from twelve to thirty negatives in 
accordance wim the diflSculties of the subjects to oe represented. 
The fumes of magnesia resulting from the combustion are car- 
ried into a chimney five feet long, made of a spiral wire covered 
with muslin, which terminates in a muslin oag in which the 
oxyd condenses, while the drafii goes on through the interstices 
of the muslin. The chimney and bag are fiimished by the com- 
pany for $2.50. 

In commenting on the above processes it may be remarked 
that, for the anatomist and physiological investigator, the Mag- 
nesium lamp affords a satisfactory and sufficient source of light 
for the photography of normal and pathological tissue-prepara- 
tions. The same end can be equally well or even better attained 
with the electric lamp, with which also the most difficult test 
objects can be satisfactorily reproduced. Where economy of 
apparatus is the object, the magnesium lamp will be preferred 
by ordinary workers ; but where much work is to be aone, the 
high price of the magnesium ribbon more than counterbalances 
the cheapness of the apparatus, and the electric light becomes 
the most economical. For the information of any practical 

?hotographers who may be employed for work of this character, 
may aad the following remarks on the chemical process em- 
ployed in the production of the negatives fix)m which the 
appended prints were made. An ammonium and potassium 
portrait collodion, rich in alcohol, was employed, developed 
with the ordinary solution of iron, and fixed with cyanid of 
potassium. Where it was necessary to intensify, the hydro- 
sulphuret of ammonium was resorted to. 

In illustration of the character of the^e sources of illumination 
as compared with each other and with sunlight, I herewith ap- 
pend three prints from negatives, taken with a Wales' inch and 
a half, from the 6th square of a M6ller\s diatom type-plate, spe- 
cially prepared for the Aimy Medical Museum bv that skillful 
microscopist. The first from Negative 79 (new series), was ta- 
ken by sunlight, with 40 diameters ; in the second, from Nega- 
tive 123 (new series), the magnesium light was used, and eveiy 
thing else remaining the same, the distance was increased so as 
to give 48 diameters ; in the third. Negative 158 (new series), 
the electric lamp was employed, and every thing else still re- 
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maining unaltered, tlie distance was increased so as to give 66 
diamete]:& It will be understood at once, that on account of 
the increase of distance, the second picture would have been 
slightly less sharp than the first, and the third than the second, 
had precisely the same source of light been employed ; never- 
theless, in spite of this disadvantage, to which they were pur- 
posely exposed, the magnesium and electric pictures are far 
superior to that taken by sunlight, and of the two the electric 
is much the best It is especially to be observed, that in the 
electric picture the contrast obtained is so sreat that the objects 
appear clearly defined on an almost perfectly white ground, 
which is never the case with photo-micrographs taken with the 
sun as a source of illumination. 

As a farther illustration of the capabilities of the magnesium 
and electric lights, I add a few photographs taken by eacL 

Bt thb MAOirasnTic Ligbt. 

Arachnoidiscus Ehreiibergi'i Ma^ified 400 diameters, by 
Wales' |tL Negative 114 (new senes.) 

Small vein and capillaries^ from the muscular coat of the uri- 
nary bladder of the frog. Magnified 400 diameters, bv Wales* 
|tL Negative 103 (new series). This negative is taken fix)m 

S reparation No. 8378, Microscopical Series, in which the blad- 
er was injected with a half per cent solution of nitrate of silver, 
and subsequently stained with carmine dissolved in borax. 
The epithelium was then brushed off with a cameVs hair pencil, 
and tne preparation transferred through absolute alcohol to 
Canada balsam : the photograph reproduces every thing but the 

color. 

Bt the Eleotbio Light. 

Pleurostawrum aciUum. Magnified 840 diameters, by Wales' 
Jth. Negative 109 (new series.) 

Trtceratium favus. Magnified 840 diameters, by Wales* Jth. 
Negative 110 (new series). 

Ndvicida spima. Mamified 840 diameters, by Powell and 
Lealand's immersion j^jUl Negative 112 (new series). 

Human red blood corpiLscles. Magnified 1,000 diameters, by 
Powell and Lealand's immersion yV^^^ Negative 145 (new series). 

Section of an epithelial cancer of the larynx. Magnified 400 
diameters, by Wales* JtL Negative 162 (new series)* This 
negative is taken from preparation No. 2277, Microscopical 
Section. The print shows the nuclei and cells of the growth 
with great distinctness. 

Orammxitophora marina. Magnified 2,500 diameters, by Powell 
and Lealanas immersion j-^^h. Negative 151 (new senes). 

[The copies of the photographs here referred to, sent us by Dr. 
Woodward, surpass in perfection and beauty any B^eQim»^% o^ 
photo-microgrrsp/iy we have seen. — ^Edb.^ 
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Abt. XXXL — On a Mechanical Finger for the Microscope; by 

J. H. B. L. 

In the Journal of May, 1866, there is a description and wood- 
cut of a mechanical finger, by Mr. H, L. Smith. 

There are few naked eyes, or ordinary hands, that can select, 
ftom a mass, one of the slinaller diatoms ; and the engraving in 
the Journal was seized upon, at once, by the writer, as aflFord- 
inff a promise of relief in the patient labor that had so often tes- 
ted both his eye and hand. It was his ffood fortune to be with- 
in i«ach of one of the instromenta It was a great help, no 
doubt; and, after acquiring "the knack," it was possible to use 
it But it wanted solidity, and the writer ventured to think 
that it might be made firmer, if constructed with fewer parts 
and joints. It was a capital idea, however, usefully illustrated; 
but not beyond improvement: so an improvement, as it was 
thought, was put on paper, and sent to Mr. Joseph Zentmayer, 
the well known optican of Philadelphia. 

Putting aside both the improvement and the original, Mr. 
Zentmayer went to work upon an entirely new system, and pro- 
duced what seems to be very near perfection. 

The microscope, in the writer's possession, is one of Mr. Zent- 
mayer's large first class ones, though the finger can be adapted 
to any other. There are three pieces: one, an independent 
stage, that we will call the diatom stage, (fig. 1) supported, 
above the principal stage, upon a tube that fits into a sleeve 
attached to a cylinder, (fig. 2), that fits into the sub-stage. The 
tube of the diatom stage is passed through the opening of the 
principal stage into the sleeve, as shown in the orawing, when 
its only movement, up and down, is regulated by the rack and 
pinion of the sub-stage. Light fi'om the reflector is thrown 
upon the object through the tube of the diatom stage. A spring, 
S, with an ivory button, B, is attached to the diatom stage, as 
shown in fig. 4, which steadies the slide as it is moved by nand 
to bring different parts of it into the field. 

Fig. 3 shows the third piece of the apparatus, or, really, the 
only piece, so far as the finger is concerned ; the other three 

Eieces being necessary to hold the slide containing the diatoms, 
ut having, otherwise, nothing to do with the finger proper. 
The drawing is of full size. A is a clamp secured to the prin- 
cipal stage by the jaws M and the movaole plate L, whiwi is 
tightened, by the set screw D. The cylinder C passes through 
the clamp resting on the shoulder T. It turns horizontaUy 
when not fixed by the set screw F, whose point presses in the 
groove shown in the drawing. The steel roa B, surrounded by 
a spiral spring, which is not shown, but which can be readily 
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understood, passes througli the cylinder G, the spiral holding it 
up when not pressed down. Upon this rod is the steel spring, G, 
bent as shown, carrying at its upper and longer extremity, at 
N, a cork-holder, tlirough which is thrust the needle that car- 
ries the hair ; and, at its lower extremity, the guide J, passing 
through a slot on the arm E^ projecting from the cylinder u 
The object of this is to counteract the rotary movement that 
would otherwise be caused by the spiral spring on the rod B 
when pressed downward in operating the apparatus. F is a 
large milled head lowering or raising the end of the spring N, in 
focussing the point of the hair. The down pressure is applied 
at I compressing the spiral spring aroimd the bar B withm the 
cylinder C, and bringing the point of the hair on the particu- 
lar diatom. 

A most excellent, if not an original, mode of attaching the 
hair to the needle, which is thrust, eye foremost, through the 
cork projecting from N, is the suggestion of a friend of the 
writer. Cut a piece of thin paper into the shape of the letter 
Y about half an inch high ana crease it lengthwise so as to 
bring the sides together. Having gummed the paper well, lay 
the needle on the crease, keeping its point within the paper, and 
place the hair along side of it Then closing the siaes of the 
V , the needle and the hair will be compressed together at the 
bottom of the crease ; and when the paper is perfectly dry the 
hair can be cut with scissors to the proper length, if necessary, 
and so much of the paper trimmed off as may not be want«l 
to retain the needle and hair in their places. The needle may 
then be forced, with a pair of fine pliers, eye foremost, througn 
the projecting end of tne cork at an angle inclining somewhat 
downward ; and, when this is done, the finger is ready for usa 
The angle of the needle to the stage may be changed by turn- 
ing the cork, which is screwed into the opening at N", wluch has 
a thread for the purpose. 

The slide containing the diatoms is now placed on the diatom 
stage ; the part to be examined being over the opening of the 
tube, through which the light is reflected, focussed as usual, 
and the particular diatom selected. The hair is then brought, 
by hand, within the field of view. This is done by turning the 
cylinder C, and adjusting with the pliers, if need be, the length 
of needle and hair projecting through the cork. The set screw 
E is then tightened, and the observer has, in the field, the dia- 
tom in focus, and the end of the hair seen dimly, and not in 
focus. The screws of the principal or mechanical stage now 
enable him to bring the point of the hair with mathematical 

Srecision just above the diatom; when, pressing at! gently 
ownward, the hair touches the diatom ; the latter, if all goes 
well, adheres to it ; the diatom stage is lowered ; the slide re- 
moved ; the clean slide, to which tne diatom is to be transferred 
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18 put in its place ; the diatom stage raised until the hair, with 
the diatom on it, is in contact, when the diatom is taken off by 
lihe moisture that has been previonsly breathed upon the slida 

The superiority of the contrivance here described is its sim- 
plicity and absolute steadinesa 

In the drawing, the position of the spring G with the cork- 
holder N is reversed. They turn, as already described, in any 
direction, horizontally. 

The fecilitv with which a diatom may "be handled," to use 
the term in tnis connection, is one of the great advantages of 
Mr. Zentmayer's contrivance. The point of the hair may be 
brought into focus along side of the diatom, which may then, 
by using the screws of the mechanical stage, be pushed in any 
direction by the finger, and separated &om the mass, or, when 
transferred to a clean slide, may be placed wherever required 
thereon. With such an instrument may be understood the 
fnodtis operandi by which the 892 diatoms of " MoUer's Diato- 
maceen platte" were arranged. 

Nothing more has been attempted here, than to describe the 
particular instrument But no one can understand the whole 
sabiect, without reading the most admirable article of Mr. H. 
Lu Smith already referred to, and which set the writer to work 
bo improve, if possible, the mechanism there described. l. 



Abt. XXXTL — The Combinations of Silicon ivith Alcoholic Radi- 
cats; by 0. Friedel and J. M. CRAFra* 

Ik a previous researchf we studied the ethers of silicic acid, 
md discovered a number of new bodies, whose structure leads 
fco the conclusion that the atomic weight of silicon is 28, and that 
the formula of silicic acid is SiO,. Gaudin, and afterwards 
Odling, first gave silicon its true atomic weight, and silicic acid 
Lts rational formula, in order to bring them into accordance with 
the well known law establishing the most simple relation be- 
t;ween the vapor density of bodies and their atomic weight, and 
their views have been adopted by many chemists ; but hitherto 
x>nclusive proofs, based upon chemical grounds, have been 
wanting to establish completely the correctness of their theory, 
uid a large number of the best authorities in chemistry have 
Gidhered to thex)ld formula, Si03(0=8) for silicic acid. 

Our research was at first undertaken with a view to proving 
iiat the chemical properties of silicates can only be explained 
jy adopting the new formula, and we have succeeded in obtain- 

* The chemical aymbols used have the values which belong to them in the new 
tj9tem. 
f This Journal, II, zliii, pp. 153 and 331 ; Ann, de GhiuL et Phys., lY, ix, p. 6. 
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ing bodies, whose existence and mode of formation it is impos- 
sible to account for by any other theory. Such are the chlor- 
hydrids and acetins derivea from normal silicic ether, Si(CjH50)i 
and at first we only studied the compounds which belong to the 
same type as the normal silicic ether, but the research led us 
further than we anticipated, and resulted in the discovery of 
the more complicated disilicic ethers, already described, whose 
structure throws some light on the rational formulas of mineral 
silicates, and also of a remarkable class of bodies, in which the 
alcoholic radicals, ethyl, CjH,, and methyl, CH3, are combined 
directly with the silicon, and not, as in tlie ethers, through the 
medium of oxygen. The present paper is devoted to the de- 
scription of these latter bodies. 

The study of the compounds of silicon with alcoholic radi- 
cals fortifies the conclusions already arrived at ; it demonstrates 
the tetratomicity of silicon, and places it in the same group 
with tin, titanium and carbon ; and it leads, besides, to the dis- 
covery of a property of silicon, which allies that element with 
carbon fiir more closely than the equality of their atomicity and 
the similarities hitherto observed in the structure of their com- 
pounds. In fact, silicon has been found to possess the property 
of combining directly with carbon, or rather with hydrocarbons; 
and the resulting compounds are in every respect similar to sim- 
ple hydrocarbons, susceptible like them of substitution of chlo- 
rine and bromine for hydrogen, and of acting as radicals in alco- 
hols and ethers ; consequently silicon may take the place of car- 
bon in a hydrocarbon, and in the series of bodies which can be 
derived from a hydrocarbon, without modifying essentially its 
properties 

It is easy to appreciate the importance of this result Car- 
bon is characterized by the property of combining with itself 
to build up groups of .atoms, which have been compared to 
chains, or nuclei, about which the atoms of hydrogen, oxygen, 
nitrogen, &c., found in organic bodies, group themselves, and it 
is especially this property of carbon which fits it to plav the 
part of the element essential to the structure of organic com- 
pounda 

It has been supposed that carbon alone had the property of 
combining with itself to form the nuclei of organic compounds, 
but it now appears that silicon shares with it this quahty, and 
we are led to the opinion, that no element is unique in its prop- 
erties, but that each has its near relatives among the others, as 
was indicated by Dumas in dividing the elements into natural 
families, and as every new discovery daily tends to prove. It 
is remarkable, also, that analogies of this kind, which are inde- 
pendent in their nature of the atomicities of the elements, should 
occur especially between elements having the same atomicity, 
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md tlie fact enhances the value of a classification of the ele- 
nents, which is founded upon the consideration of their atom- 
xdties. 

Silicic Ethyd. 

"We have obtained silicic ethyd by the reaction which is often 
employed to effect the union of ethyl with metals or with non- 
oaetalic elements. Chlorid of silicon and zinc-ethyd do not 
let upon each other at the ordinary temperature, but when 
ftiey are mixed in the proportion requisite to afford an equiv- 
sdent of zinc for each atom of chlorine, and heated in seal- 
ed tubes to 140° centigrade, a reaction commences, and at 
160° it is completed in 3 houra On opening the tubes, a con- 
aiderable quantity of a gaseous hydrocarbon escapes, which, 
when lighted, bums with a luminous flame. The tubes contain 
a liquid, together with a solid deposit of chlorid of zinc, mixed 
with gray particles of metaUic zinc. The presence of metallic 
zinc accounts for the production of gaseous nj^drocarbons. 

The liquid can be separated by distillation into several prod- 
ucts. It commences to boil at 40°, and at that temperature 
chlorid of silicon distils, mixed with a very volatile hydrocar- 
bon, burning with a luminous flame, which cannot be condensed 
alone at 0°, but which is held in solution, to a considerable ex- 
tent, by the chlorid of silicon. When the temperature reaches 
60°, nearly pure chlorid of silicon distils, and it then rises rap- 
idly to 150°, and the greater part of the liquid distils at 150° 
to 155°. 

The portion which distils at 60° to 150°, treated with water, 
gives the products of decomposition of the chlorid of silicon, 
together with a certain quantity of a liquid, identical in its 
properties with that which distils at 150 to 155° in the first 
operation. The portion thus obtained in both operations, dis- 
tilling at 150° to 155°, washed with water and with a solution 
of caustic potash, to free it fix)m the small quantities of chlorid 
of silicon which can not be easily separated by distillation, and 
then dried over solid caustic potash, distils at 152° to 154°. The 
body thus obtained is not spontaneously inflammable, like many 
of tne compounds of organic radicals with metals, but when 
ignited it burns in the air with a luminous flame, and gives off" 
a white smoke of silicic acid. It is lighter than water, and is 
not attacked by caustic potash nor by ordinary nitric acid. It 
is also not attacked by sulphuric acid, and is insoluble in it ; 
concentrated sulphuric acid, however, separates fi^om it a small 
quantity of a body which will be described later. It can be 
completely purified by shaking it several times with concen- 
trated sulphuric acid, and decanting by means of a pipette; 
finally by washing with water and by drying over melted chlo- 
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rid of calcium. The product, wliich was finally obtained by 
operating in this way on considerable quantitieB of matena]^ 
boiled at 152°. 

The method of purification with sulphuric acid was not at 
first adopted, and the analyses made of the substance boiling al 
about 152°, after it had been simply treated with water and with 
caustic potash, in order to remove traces of chlorid of sflicon, 
g^ye a ^ight excess of carbon for the first portions which dis- 
tilled ; see analysis L This was undoubtedly due to a minute 
quantity of a hydrocarbon, probably ethylene, dissolved in the 
hquid. 

The analyses of the portions which distilled last showed on the 
other hand a deficiency of carbon, arising from the presence of 
a body containing oxygen, which can be separated by means of 
concentrated sulpnuric acid ; see analyses n and TTt. We no- 
ticed, also, that the liauid was at first capable of absorbing a 
very small quantity or bromine, without bein^ colored by it 
After the treatment with sulphuric acid, the boiling point or the 
liquid was almost constant, and the smallest trace of bromine 
imparted its color to it, showing that no combinations took 

Analysis of the liquids^ which had not been treated with sulphuric adi 

L Boiling point=161^-161i^. 

Substance taken=0'186S grammes ; CO, =0*4520 grammes; 

jET, 0=0-2280 grms. 
IL Boiling point=151i''-163''. 

Substance toAen=0-1748 grms. ; 00^ =04127 grms. ; 5, 0= 

0-2170 grms. 
in. Sam£ product redistilled. Boiling point= 151 ^^-152^°. 

Substance taken=0'194S grms. ; CO^ =0-4685 grms.] 3^0= 

0-2390 grms. 

I. n. m. Galcolatod for Si(CiH»)« 

C=6713 65-93 6577 66-67 

H=13-60 13-83 18-67 18-89 

Analyses of silicic ethyd purified by a treatment with sul- 
phuric acid. Boiling point =152°-163°. 

L Sabstancetaken=0'19Sl grms.; CO ^ = 0-4:706 grms. ; H^0= 
0-2388 grms. 
JL Substance taken=0'2192 grms. ; CO ^=0-6858 grms. ; ff^O^ 
0-2720 grms. 
nL Substance tahen=0'S016 grms. ; /SO, =0*1250 grms. 
IV. Substance taken=0'S^O grms. ; SiO^ =0-1895 grms. 

I. n. UL rV. 8i(0«Ht)«. 

0=66-45 66-66 66-67 

H=18-74 13-79 18-89 

Si= \V%\. \%^?. 19-48 
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The first determination of silicon was made by heating the 
bstance in a sealed tube with nitric acid for several hours, at 
0*^-190**, dissolving the contents of the tube in caustic potash, 
i estimating the silicic acid in the solution in the ominary 
T. In the second determination, dilute chlorh^dric acid and 
(orate of potassium were substituted for the nitric acid, and 
» operation was carried on in a sealed tube as befora It is 
newhat difficidt to dissolve all the silicic acid which adheres 
the tube by caustic potash 

The vapor-<iensity of silicic ethyd was deduced from the fol- 
nring data: 

Difference of weights of the bulb - - =0'5248 grms. 
Temperature of the balance, - - 14® 

Temperature of the oil-baih, - - 214** "2 

Barom£iter, 761*4 mm. 

Capacity of (he bulbj - - - - 211*0 cc. 
Air remmning in the bulb, - - I'S cc. 

Vapor-density = 5*141. 

Calculated vapor-density, 4*986. 

The results thus obtained show that silicic ethyd corresponds 

the chlorid of silicon, and that the reaction by which it is 

rmed may be expressed by the equation : 

Sia,+2Zn(C,H,),= Si(C,H,),+ 2ZnCl,. 

Silicic ethyd is a liquid resembling bodies of the petroleum 
U3S in its aspect It nas an odor lixe the pure hyorocarbons 
this series, and cannot be easily distinguished from them, 
cept that instead of burning with a carbon-smoke, it gives a 
lite smoke of silicic acid. 

The density of the liquid at 22^*7 compared with that of 
iter at the same temperature, is 0*7667. 
In order to obtain considerable quantities of silicic ethyd, we 
ed Frankland's copper digester instead of glass tubes, which 
d to the inconvemence resxdting from their small capacity, 
at of being liable to explode from the pressure of the gases 
rmed as secondary products of the reaction. 
In the digester, 100 grma of zinc-ethyd were operated upon 
once, and an excess of chlorid of silicon was always adaed. 
le first portions, which distilled below 140®, were a mixture of 
lorid of silicon with sUicic ethyd, and they were always treated 
er again with a fresh quantity of zinc-ethyd in the next ope- 
aon. 

We usually heated the digester in an oil-bath, at 180^-200®, 
ing a gas-regulator of similar construction to Bunsen's, and 
pt each charge at that temperature for about ten hours. After 
ening the digester and distilling up to 140®, water was added 
^ the distillation continued as long as any siliei<(^ etib.'^d. ^^\i.- 
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tinued to pass over with the vapor; the apparatus was then 
cleaned ana a new operation commenced As an example of a 
number of such operations, we may cite one series in which 769 
grms. of zinc-ethyd and 480 grms. of chlorid of silicon were 
employed. We obtained 225 grm& of perfectly pure sihcic- 
ethyd — about half the theoretical quantitv. 

Li order to understand the phase of the reaction, which 
results in the formation of gaseous products, and of metallic 
zinc, we examined the gases, which were given off on opening 
the digester, by passing them through bromine, freeing the gas, 
which was not absorbed, from the excess of bromine, and col- 
lecting it over mercury. The quantity evolved in an operation 
is very large, and there was no difficulty in using the first por- 
tions of the gas to remove the air from the apparatus containing 
bromine, and in collecting at the end a perfectly pure sample 
for analysis. 

The analysis of the gas, which was not absorbed by bromine, 
gave: 

Volume of the If as - - - - = 5*17 

Oxygen added - - . - 27*72 

Contraction 13*10 

Carbonic acid - - - - 10*26 
Remaining oxygen determined by deto- 
nation with H • - ' 9*50 

Consequently two volumes of the gas contained 6*12 volumes 
of H, and 1*98 volumes of carbon vapor. 
A second analysis gave : 

Volume 0/ gas - - - - = 6*66 

Oxygen added - - - - 26*61 

Contraction ----- 17*30 

Carbonic acid - - - . 13*02 

Remaining oxygen - - - - 2*94 

Two volumes of the gas contained 6*36 volumes of H, and 
1*96 volumes of carbon vapor. 

The gas was the hydrid of ethyl C,H„ two volumes of which 
contain six volumes of hydrogen and two volumes of carbon 
vapor. 

The bromid which was obtained by the absorption of a part 
of the gas by bromine, after having been washed with a solution 
of caustic potash, dried and distilled at 132°-134°, was analyzed 
with the following result : 

L Substance =0*3695^77715. ; AgBr=^0'l^lb grms. 

IL Substance=0'21l2 grms. ; CO^ =0*1330 ^rTTw. ; JT, 0=0*0608 

grms. 
IIL Substance^0'Z2b9 grms. ; CO^ = 0*1600 ^tt/w.; H^ 0=0*0690 

ffrms. 
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1. n. m. Calculated for C,n4Bra 

C .... 13-35 1842 12-76 

H .... 2-47 2-36 212 

Br 84-48 .... .... 8511 

The body is consequently the bromid of ethylene, and the 
gases, which are formed dunng the preparation of silicic ethyd, « 
are simply those which are known to arise from the decomposi- 
tion by means of heat of zinc-ethyd. 

The question suggests itself: are intermediate products, aris- 
ing from an incomplete replacement of chlorine by ethyl in the 
cluorid of silicon, also formed? Such products should have 
the composition: Si(C3H5),Cl; Si(C2H5)2Cl8 ; Si(C2H5)C]8, and 
should boil at points intermediate between 152°, the boiling 
point of silicic etnyd, and 42°, the boiling point of chlorid of sil- 
icon. The question must be answered in the negative ; for after 
a large number of fractionated distillations of the product 
obtained in an operation, where a considerable excess of chlorid 
of silicon was used, it could be separated almost completely 
into chlorid of silicon and silicic ethyd, and no bodies appeared 
with fixed boiling paints between 42° and 152°. The small 
quantity of liquid, which was eventually obtained, distilling 
between these points, was treated with caustic potash, and gave 
no more of a compound containing oxygen than was ordinarily 
obtained in every preparation of silicic ethyd, and whose mode 
of formation is aescriDed below. 

We failed also to obtain intermediate compounds on heating 
chlorid of silicon and silicic ethyd together m sealed tubes for 
15 hours, at a temperature of 240°. The product could easily 
be separated by repeated distillation into tne two bodies which 
were originally mixed. 

It appeared probable that silicic ethyd, and perhaps interme- 
diate bodies, might be formed by a process analagous to that 
employed by Frankland and Duppa* to obtain boric-ethyd, 
B(CaBC5)a, namely : by the action of zinc-ethyd upon normal sili- 
cic ether. We found, however, that the two bodies do not act 
upon each other, even at a very high temperature ; indeed the 
tenacity with which silicon retains its hold upon oxygen ren- 
ders this result not surprising. 

A most interesting pnase of the reaction between zinc-ethyd 
and chlorid of silicon, is the one which gives rise to the forma- 
tion of the body containing oxygen, which has been noticed 
above. As has been already stated, concentrated sulphuric 
acids frees the crude silicic ethyd from a small quantity of a 
foreign body, which is soluble in the acid. This body separates 
from the solution when the sulphuric acid is diluted with water, 

* AnnaleB de Chimie et Pharmacie, cxr, 319. 
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And floats upon the surface of liie solution. It bums witt ft 
inliceous smoke, has a disagreeable odor until it has been purified 
bf repeated distillations, and boils at about 285^. The product, 
whien was purified as &r as possible by a number of distilla' 
tiona, was analyzed. 

L /SW!»tonoc=01861 grma.; C 09=04090 grms. ; jaiO=0-2068 

n. The fradv/it of another operation^ v^ 
285^ iSW»tonce=0-2686fl77iw.; CQi=0-5868 gniM. / ^,0= 
^:2856. 

58-54 
1219 

Only a small quantity of this body is produced in the prqMt- 
ration of considerable quantities of sDicic eihyd, and we have 
not succeeded in isolating it in a perfectly pure state during 
that preparation; its composition is, however, not douhifo^ 
and we were able to recognize its identity with the same oxvd, 
which can be easily obtained and purified by a method desoribed 
below. This oxyd must be derived fixnn the oxyd of fine, 
which is formed by the actiojiof the air upon zinc-ethyd while 
charging the digester. Friedel and Ladenbuig* have found 
that free and combined oxy^n can be substituted for a part of 
the chlorine in chlorid of silicon, with formation of the oxy- 

chlorid, ] gjQi • This oxychlorid is probably fixnned in the 
digester from the oxyd of zinc, and acts upon the zine-etbyd to 
form the oxyd j gj/c^V "^^^^^ analysis is given above. 

This oxyd may oe consideired as the ether of the radical silicic- 
triethyd ] ej/pjtv ' ^^^ aaanalogous vrith the simplest ether of 

( CH 
the ordinary series, O ] q^ , silicon replacing the carbon, and 

iCthyl the hydrogen. It is more difficult to decompose than the 
ar&n&ij etners, and resists the ^action of many of the agents 
which renjove radicals from common ether ; one of us, however, 
has succeeded in obtaining a double decomposition by means of 
the chlorid of acetyl ; but the study of the products of the reac- 
tion is not yet completed. 

AoTiour .OF Bbominb on Silicic Ethyd. 

Jf 9thinff distingijiishes idlicic ethyd more completely from the 
oompou^os hitherto obtained by the action of the chlorids of 

* CH>mpteB BoKiduA 4a V A^adimiB dea Sdenoes, Ixvi, 539. 
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the elements on zino-ethyd, than the manner in which it acts 
vrith bromine and chlorine ; thus &r the only reaction known 
for such bodies is that in which the union between the alcoholic 
radical and the other element is severed, and the bromine or 
chlorine takes the place of the alcoholic radical 

The researches for instance, which have been made by several 
chemists* on stannio-ethyd, show that the action of bromine 
an that body is represented by the eauation ; Sn(CJ3fl;)4+Bra= 
Sn(CaH5)8Br+0,BL5Br. We expectea a precisely similar reac- 
tion with silicic ethyd, and were surprised to find that the ethyl 
was held so strongly by the silicon, that it could not be re- 
moved by bromine or by chlorine, and that the only action was 
Gi substitution of the bromine or chlorine for hydrogen in the 
OT^nic radical 

bromine does not attack pure silicic ethyd at the ordinary 
temperature ; but when two atoms of bromine are heated in a 
sealed tube with silicic ethyd for IJ hours at 140°, the color of 
the bromine disappears completely, and on opening the tube a 
large a uantity of oromhydric acid escapes, wnile not a trace of 
biomid of ethyl can be obtained by heating the liquid. The 
contents of the tube distil at 160® — ^260**, leaving a smaU quan- 
dtyof carbonized matter as a residue. 

We could not succeed in isolating a product with a constant 
boiling point by fractionated distillation. 

The portion of the liquid which distilled 280''— 240** ap- 
peared to have nearly the composition of the mono-bromated 
compound, but, on redistilling, the portion which distilled at a 
lower temperature, 220® — ^280®, was found to contain less 
carbon and hydrogen, and there was an appearance of decom- 
position during the distillation. 

L jBbi&Vi^-;KnVil =280^-240®. Substcmce =^0-2990 grma. ; 00%=^ 

0-4^10 grms; 3^0=0-2400 arms. 
[L ja»&ri^-/K>»n/=220®-280®. Sub8tance=0'S2i5 grnis. ; 00%- 

0-4920 yn/w; H%O=0'2^0 grma. 
[XL Sarn^ svhstance=0'6250 grrns, ; AgBr=0'5051 grms. 

m. OalculAted for SiOBHioBr. 

48-65 

8-62 

84-88 85-87 

We suspected that the portion of the liquid having the highest 
[)oiling point might contain a dibromated product, and, after 
I distillation in vacuo, analyzed a body which distilled at, 
120®-140®. 

* Franklaod, Annalen der Ohem. und Phann., boxr, p. 329 ; czi, p. 44. Buoktoo^ 
ibid, dx, p. 218; cxii, p. 220; Cahours, Annales dB Chim. et Phys., Ill, bdi^ 
p. 2J6. 
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n. 


C 48-8 


41-80 


H 8-8 


8-21 


Br .... 
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L Bo%li7ig'point=^120^'-140^ in vacuo. Subsiance=0'4SO0 grms. 
AgJBr=0'5S60 grms. 

I. Calculated for SiCsHigBa 

Br=48-70 52-98 

Not succeeding in obtaining a pure monobromated silicic 
ethyd, we heated the first product analyzed with acetate of 
silver with the intention of obtaining an acetate, ^nd finally of 
obtaining from the acetate by saponification with caustic 
potash an alcohol The formulas of the bodies thus sought 
are, SiCaH CaHA and SiCsH HO. Neither of them, how- 
ever, were produced, and we obtained no better result by heat- 
ing the bromated product to 200° with an alcoholic solution of 
acetate of potassium. The treatment with caustic potash of 
the product which had been heated with salts of acetic acid 
fidled to extract the slightest trace of acetic acid, showing that 
no acetate had been formed and the principal body which was 

Si( c!h V ^^^® formation we had 

already noticed in the preparation of silicic ethyd. This pro- 
duct boiling at 228°-231° was analyzed 

L ^i7%-^mn^=228°-231o. Substance^ 0'2222 grms. ; COx= 
04743 grTns. ; ^a 0=0-2417 grms. 

We found that the same oxyd was produced, whether the 
bromine were removed from the bromated silicic ethyd by 
treatment with acetate of silver, acetate of potassium or caustic 
potash. An analysis was made of a product which was ob- 
tained by heating the bromated silicic ethyd repeatedly with 
solid caustic potash, and which boiled at 230 — 236°. 

IL ^t7%-j9(nn^=280°-235°. /SiA5tonce=0-3805 grm^.; H^O 
=0-3660. 

I. IT. Calculated for 1 HIc'h!!! 

C=58-2i 58-75 58*54 

H=12 09 12-30 12-19 

The last product was not entirely pure but contained a trace 
of bromine, and it is very diJBScult to remove the bromine com- 
pletely from the bromated product, even by a prolonged action 
of solid caustic potash. Several analyses which were made of 
the liquid, which had not been treated so long a time with 
caustic potash, showed that it still contained a considerable 
quantity of bromine. 

It appears from these data that the bromated silicic ethyd, 
when treated with substances containing oxygen combined 
with metals having a strong affinity for bromine, loses the atom 
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of ethyl in which the bromine was contained and takes up 
oxygen in its place. The reaction is probably represented by 
the equation : 

2Si(C,H5),C3H4Br+2KHO=0 j |5J^«j^*^+2KBr+H20+C2H4. 

When a small quantity of iodine is added to the bromine, 
bromid of ethyl is formed by their joint action upon silicic 
ethydatl40^ 

•Jhe bromid of ethyl thus obtained, distilling at about 40°, 
was analyzed. 

L Substance=0'6756 grms, ; CO2=0'5565 gnm. ; 5^0=0-2855 
grms. 

Calculated for CsHaBf. 

C=22-42 22-01 

H= 4-70 4-58 

Iodine is almost entirely without action upon silicic ethyd : 
2 equivalents of iodine were heated with one equivalent of 
silicic ethyd at 180° for 12 hours, very little iodhydric acid and 
not a trace of iodid of ethyl were formed. It is weU known 
that all the other ethyds, obtained by a reaction similar to that 
which ffives rise to silicic ethyd, are easily decomposed by 
iodine ^th the formation of iodid of ethyl 

The Oxyd of Silicic Tri-ethyd. 

The reaction given above offers the most convenient means 
for obtaining the oxyd in considerable quantity, while its 
solubility in concentrated sulphuric acid, which has already 
been usai to separate it from tne pure silicic ethyd, serves also 
to fi-ee it from the traces of the bromated product, which 
remain after the action of caustic potash has been carried as far 
as possibla On treating the product analyzed above. No. II, 
witn sulphuric acid a small quantity of a gas, which did not 
contain bromine was given off, and a small quantity of silicic 
ethyd containing a little bromine remained insoluble in the sul- 
phuric acid. The presence of silicic ethyd accounts for the 
slight excess of caroon and hydrogen of analysis IL The 
larger part was dissolved in sulphuric acid and was separated 
from its solution by diluting with water. After having been 
washed with water and dried, | of it distilled at 228°— 230°. 

L Boiling-point =228°-230°. Suhsiance=0'\910 grms, ; 00^= 

01495 grms, ; j5,O=0-2160 grvu. 
n. Same sithstance=0'2860 grm^s, ; >S'iO2=01345 grms. 

The determination of silicic acid was made by heating the 
liquid in a sealed tube with strong nitric acid. 
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L n. OaknilatedfbrOJIjg^^ 

0=68-07 .... 58-54 

H=12-18 .... 12-19 

Si= 21-98 22-76 

The density of vapor of the oxyd of silicic triethyd was 
obtained from the following data : 

Difference of weights of the 6itZJ=l-2245 grms, 
Temperature of the balance^ 13° 

Temperature of the oil-bathj 285** 

Barometer, 760-0»« 

(hpadty of the bulby 284*0 c c 

Air remaining, I'S c. c 

Vapor density^, = 8-698 

Calculated for O j sJJcBL^ 8-51 

Action of Chlorine on Silicic Ethtd. 

When dry chlorine gas is passed into silicic ethyd in a vessel 
surrounded by cold water, the liquid is at first colored yellow 
by the absorption of chlorine; suddenly this coloration dis- 
appears and chlorhydric acid is disengaged, and fix>m that 
time forward chlorhydric acid is disengaged as fiist as the 
chlorine is absorbed, and no further coloration takes place. 
Not even a trace of chlorid of ethyl is produced. In order to 
avoid the formation of products containing too large a propor- 
tion of chlorine, the operation is interrupted from time to time 
and all of the liquid, which boils at a temperature lower than 
160°, is distilled off, and the distillate is treated as before with 
chlorina Finally the residues thus obtained are subjected to a 
fractional distillation. 

Althouffh we operated on a considerable quantity of siUcic 
ethyd, ana made a large number of fractional distillations of 
the chlorated product, we were unable to isolate bodies having 
constant boiling points and corresponding in composition to the 
mono- and bi-chlorated silicic ethyd. Analyses were made of 
the products which distilled at different temperatures afler a 
number of fractional distillations. 

L Boiling-point =180'''-190''. Substance=^0'2120 grms, ; (70,= 

0-4210; 5,0=0-2085 ^rrrw. 
n. Same s^tance=0'ZyiO grms, ; Ag 01=0-2670 grms. 

Reoeated distillation decomposes partially the chlorated com- 
pound, and products having the same boiling-point contain a 
smaller amount of carbon and hydrogen after they have been 
distilled a number of times. 
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ITL This analysis was made from a liquid whose boiUng-poirU was 
180° — 185°, but which had been distilled a larger number of 
times than 0ie last 
Substance^O'iMO grms. (7Oa=04750 grms.; J3;O=0-2482 grms. 

The following analyses were made of products belonging to 
the same series of distillations as the first 

IV. jRnfoVi^-^m^=190°-200° /S4^&jtoncc=0-2585 grms. ; CO^ 
=04785 grms. ; JJjO=rO-2280 grms. 

V. Same subsiance=^0'mb grms. ; AgCl=^Q'Z2S& grm>s. 

VL Another product bailing at 190°-200° Substance= 0-2345 
grms. CO^^0'4AO0 grms. ; JJaO=0-2145. 

The composition of all these products approaches that of 
monochlorated silicic ethyd. 

I. IL IIL IV. V. VL Calculated for SiCsHttOL 

0=5415 .... 51-00 50-48 ..-. 51-17 58-72 

H=10-92 .... 10-68 9-80 .... 10-06 10-64 

Ca= 19-89 25-51 19-00 

Corresponding results were obtained in the analysis of several 
other products mstilling at about the same temperature. 

Two products boiling at a higher temperature had nearly the 
composition of the dichlorated silicic ethyd. 

L BoiHng-poirU =200°-210°. Substance =0-2245 grms. ; (70,= 

0-8875 grms. ; J3;O=0-1817. 
n. Jan7%-jw>tw^=205°-210°. /SWwtoncc=0-2485 grms. ; COi= 

0-4156 grms. ; £i 0=0 -2015 flrrww. 

I. n. Calculated for Si O^isCIa. 

0=47-11 46-58 45-07 

H= 8-99 9-19 8-45 

The decomposition during distillation is so rapid in the 
neighborhood of 230°, that it was pushed no further. Accord- 
ing to the above analysis the boiling point of monochhlorated 
silicic ethyd is about 180**, and the boiling point of dichlorated 
silicic ethyd is about 210°. 

After iiaving thus endeavored in vain to isolate the mono- 
chlorated and dichlorated products, we noticed that after a large 
number of fractional distillations a considerable portion dis- 
tilled at 190^-195°, and we made an analysis of this product 

L Boiling-paint 190°-195°. Sybstance=0'274O grms.; CO^- 
0-4930 grms. ; JJ2O=0-2380 grms. 
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SiCgHwCL 


Meaa 


SiCBHiaCli 


0=49-07 


53-72 


49-39 


46-07 


H= 9-66 


10-64 


9-54 


8-45 
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It appears that, in a mixture of equal eq uivalenta, the two chlo- 
rated products have a tendencj^ to distil together at a constant 
temperatura Bauer* has noticed an analogous fiict in r^aid 
to tne bromids of ethylene and propylena 

Distillation having been found inenectual to separate Ihe chlo- 
rated silicic ethyds, we sought to obtain a separation of these 
products, or better still, of their derivatives, by chemical means, 
and in this, after a number of experiments, we succeeded. 

We noted that the chlorated products are not attacked by an 
alcoholic solution of acetate of potassiimi, except at a high tem- 
perature, and also that the one containing two atoms of chlo- 
rine is more easily attacked than the other. In fact, the pro- 
duct containing most chlorine is destroyed at a temperature of 
180° to 140°, while the monochlorated product is not acted up- 
on at that temperature, and it can be separated from the other 
by taking advantage of this property. 

The chlorated bodies distilling at 180° to 200°, were heated 
for 3 to 4 hours, at 180° to 140 , in sealed tubes, with an ex- 
cess of melted acetate of potassium dissolved in absolute al- 
cohol Chlorid of potassium is precipitated, and on opening 
the tubes a combustible gas is disengaged. On adding a con- 
siderable quantity of water to the contents of the tubes, the 
salts are dissolved, and an oily liquid is separated. This liquid, 
after having been washed with water and dried, was treated with 
strong sulphuric acid, in which the monochlorated silicic ethyd 
is insoluble, while the products of decomposition of the higher 
chlorated compounds are soluble. These last seem to consist 
principally of the oxyd of silicic triethyd. 

The insoluble liquid was drawn off by means of a pipette^ 
washed with water, dried and distilled. We did not attempt to 
free it from the slight quantity of silicic ethyd which it con- 
tained, for fear of losing too much of the product, but pre- 
ferred to use it for the following reaction. The liquid obtained 
by the process described above, distilling 180° to 190°, was 
sealed in a tube, with an alcoholic solution of acetate of potas- 
sium, and heated at a higher temperature than before, namely, 
at 180°, for several hours. 

The Acetic Ether and the Alcohol of Silicic Ethyd. 

At 180°, the monochlorated product is acted upon by acetate 
of potassium, chlorid of potassium is formed, and on opening 
the tube no disengagement of gas is noticed, as in the ca^e of 
the higher chlorated products. After adding water to the con- 
tents of the tube, a liquid separates out, which is mostly soluble 
in concentrated sulphuric acid. The treatment with sulphuric 

* BuUetin de la Societ6 Chimique, i, p. 203. 
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usid was resorted to in order to purify the principal product 
Tom a small quantity of the undecomposed cnlorated product, 
uad gf silicic ethyd, which remain insolubla The solution in 
ralphuric acid was carefully decanted and slowly poured into a 
lask containing a considerable quantity of water in order to 
ivoid an elevation of temperature. An oily liquid separated 
>n the surface, which, after having been washed and dried with 
jhlorid of calcium, distilled almost completely at 208® to 214°. 
[t had a faint ethereal odor, and smelt also of acetic acid It 
burnt with a luminous flame and a smoke of silicic acid 

This liquid proved to be the acetate derived from silicic ethyd 
by the reaction which is represented by the following equation : 
3iC8H9CH-K0,H80a=SiC8Hi9Q|HA+B:CL 

It may be considered as an acetic ether, in which_the residue 

SiCeHi9 plays the 

At first the method of purification with sulphuric acid was not 
employed and the range of temperature at which the ether dis- 
tilled was larger. The following analyses were made of such 
products : 

L Boiling'point=200''''210''—Sub8tance=0'2226 grms.; COi= 

4845 grtm.; ^,0=0-2278 grms. 
EL .BWZ%-j9om/=209°-215'*—/Si^5ftmce= 0-2748 grms.; 00^= 

0-5900 grms.; JJ,O=0-2755 grms. 
m. Baaing'point=^2W''226''—Substance=0'2d40 grms,; 00^= 

0-6885 grms.; J^aO^OSlOO grrns. 
IV. Botling'point^219'*"224:''—Substance=0'201S grms.; C(h= 

0-4886 grms.; JJ,0=0-2115 grms. 



part of monoatomic radical ^ ^Ti' [ 0. 
3d of purification with sulphuric acia wa 
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n. 


m. 


ly. Caleukted for SiC^HitCtHtOS. 


C =59-88 


58-66 


59-23 


58-78 59-40 


H= 11-87 


1115 


11-71 


11-67 10-89 



After the treatment with sulphuric acid a perfectly pure prod- 
uct was obtained • 

I. Botling-point =208^-214^— ASM*5toncc= 0-2190 grms.; 00^= 

0-4790 grms,; jyaO=0-2210 grms. 
TL Boiling-point =209'*-210°—AS'w65to7icc= 0*2540 grms,; 00^== 

0-5560 grms.; H^O=0'2580 grms. 



I. 


n. 


Calcniatad for SiCgHitCiHsOi. 


59-65 


59-69 


59-40 


11-21 


11-28 


10-89 



The results of an elementary analysis are not very decisive of 
the purity of a compound of this nature, and the best means of 
obtaining the true composition of the ether of an acid is afibrded 
by its saponification with caustic potash. 

Am. Joub. Sol--8boond Sbbixs, Vol. XLIX, No. 147.— 1£at, 187a 

21 
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Our ether proved to be so stable, that its stmonification could 
not be completely eflfected hj heating it to 180° with an aque- 
ous solution of potash, but it can readily be accomplished bj 
heating to 120-130° with an alcoholic solution of d&ustac 
potash. 

I. 5954 grms. of the ether were sealed in a tube with four 
grms. of an alcoholic solution of caustic potash and with an 
additional quantity of alcohol The saponincation was effected 
by heating the tube to 130°. Four grma of the potash solution 
required for neutralization 10*8 cc. of a solution of sulphuric 
acid, containing 01118 grma HjSOi per cubic centimeter. The 
contents of the tube, after the potash had been partially neu- 
tralized by the acetic acid derived &om the saponincation of the 
ether, only required 8*6 cc. of the sulphuric acid solution tot 
complete neutralization ; consequently the quantity of acetic 
acid present in the ether corresponded to 2*2 cc. of the sulphuric 
acid solution. According to calculation it should have been 
2'6 C.C. In order to prove that acetate of potassium had really 
been formed, the neutralized solution was evaporated on a 
water-bath, and the dry residue was treated with absolute 
alcohol Acetate of potassium was dissolved by the alcohol, 
and could be easily recognized on evaporating the solution. 

The other product formed during the saponification must be 
an alcohol of silicic ethyd containmg the same radical as the 
above mentioned acetic ether, and, on repeating the experiment 
with a considerable quantity of substance, we succeeded with- 
out difficulty, on treating with water the alcoholic solution after 
saponification, in obtaining such a compound. The alcohol of 
sihcic ethyd is a liquid lighter than water, and insoluble in it, 
and boiling at about 190°. Its formula is SiCaHigOBL 

L Substance incompletely purified distilled 185°-190®. Substtmee 
=01477 grms, ; (7Oa=0-3200 grms. ; 5^0=01667 grms, 

n. Purified substance boiling 185° -195° — Substcmce^Q'ilW 
grms.; CO^^O'^QOO grms. ; ffzO =0'2S55 grms, 

m Sam^ substance=0'ld70 grms. ; (7Oa=0-4820 grms. ; HtO- 
0-2210 grms. 

I. n. m. Calculated for SiC,H]|OH 

C=59-08 59-74 59-80 60-00 

H=12-54 12-46 12-46 12-50 

The properties of this body, so far as we have studied them, 
are entirely similar to those of the alcohols of the ordinary 
series, which contain a large number of atoms of carbon. 

We have already shown that it forms an ether with acetic 
acid ; it also forms an alcoholate of sodium, dissolving that 
metal with disengagement of hydrogen to foim a gelatinous 
mass, which regenerates the alcohol and gives a solution of 
caustic soda, when it is treated with water. 
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t is apparent, from the facts above cited, that, in a certain 
» of reactions, the group of atoms, SiCgHi^, remains intact, 
I plays the part of a compound radical, in the same way that 

ordinary alcoholic radicals, like ethyl, (CJEs), and amyl, 
Bii), remain undecomjposed in the same class of reactions. 
B new body, in its relations to many reagents, is simply a 
r hydrocarbon, with silicon substituted for a portion of the 
bon. 

X is most remarkable that the presence of silicon in the 
irocarbon modifies its properties to so slight a degree : in fact 
have considered silicic ethyd as belonging to the same class 
3odies as the petroleum oils, and have applied to it the same 
thods of study which have been used so successfully by 
ouze and Cahours* in treating the American petroleums, 
I have obtained similar results. The want of the necessary 
terial has prevented us from completing the study of the 
ohol, but we hope to take up the research again. 
^e may embody this idea of the theory of the constitution of 
cic ethyd, and recall its analogy with a well known class of 
irocarbons, by naming it the hydrid of silico-nonyl The alco- 

is sihco-nonylic alcohol containing the radical silico-nonyl 

BEydnd of nonyl, (C9H90), of which the silicic compound may 
r^arded as a product of substitution of silicon for one atom 
saroon, shoula be obtained by the action of zinc-ethyd on the 
Grid of carbon— CCI4 + 2Zn(C8H5)a=2ZnCl2 + [CCCaHj^ = 
Ijq], and we have made some experiments with a view to pre- 
ing it in this way. Thus far, however, we have failed to 
ain the reaction with chlorid of carbon and zinc ethyl alone, 
i also with zinc ethyl to which sodium has been added. 
Priedel and Ladenburgf have obtained a hydrocarbon by the 
ion of zinc ethyd upon methyl-chloracetal, whose composi- 
tt is representea by the formula C(CHg),(CtH5)2, and wnich 
ist be regarded as analogous in constitution and mode of 
mation with the body, which we sought to obtain from the 
orid of carbon, so that the production of the latter may be 
isidered as probabla 

SiVe have noticed, while studying the bromated products of 
)stitution of silicic ethyd, that in them the residue SiCgHiQ 
nbined with the bromine does not act like an alcoholic radi- 
, but that, when they are brought in contact with acetate of 
assium, or with caustic potash, the atom of ethyl containing 
I bromine is separated from it and replaced by oxygen, to 
m the oxyd of silicic triethyd ; the same is true of the chlo- 
ed compounds, which contain more than a single atom of 

Gomptes Rendus de TAcad^mie des Sciences, Ivi, p. 666, 1863. 
Coroptes Rendus de PAcad^mie des Soienoes, bdii, p. 10%^^ ttivd. 'ft^^^icn. ^ 
loci^ Chlmique, [3], rii, p. 66, ^ 
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chlorine, and here the presence of silicon reveals itself in tte 
hydrocarbon, determining a point of weaker cohesion, which 
results in the rupture of me union between itself and the carboD 
of the atom of ethyl containing the chlorine. In these last men- 
tioned reactions, therefore, an analogy is apparent between 
silicic ethyd, and the other known compounds of orgamc radi- 
cals with metals. 

The chlorated silicic ethyd, whose boiling point was 210*- 
220^, was experimented upon, and the body was heated with an 
excess of acetate of potassium in alcoholic solution. On open- 
ing the tubes we found that the same gas was given on in 
greater abundance, whose production we have alreadv noticed 
Erom the higher chlorated compounds which approach the mono- 
chlorated compound more nearly in their composition. In one 
operation we observed that the gas, which was first evolved, 
contained chlorine, and could be aosorbed bv bromine ; this was 
not the case with the gas given off afterwards. 

In another operation, in order to obtain a clue to the reaction, 
we passed the gas into a solution of subchlorid of copper in 
ammonia, and then into bromina A small quantity of the 
cupric compound of acetylene and of the bromid of ethylene, or 
of chloratea ethylene, was formed. 

The principal product of the reaction was the same oxyd of 
silicic toethyd, wnich was produced by the action of acetate of 
potassium on the bromated silicic ethyd. 

This product was treated as before, with sulphuric acid to 
purify it, and the following analysis was made of it : 

L /S't^i5to?ice=0-2210 gmts, ; (7O,=0-4745 grms. ; JBr,O=0-2460 
grms. 

I. Calculated for O J Igj; 

0=58-55 58-58 

H=12-36 12-19 

It is possible that the formation of this compound may he 
represented by the equation : 

2Si(C2H,)3C,ll3Cla+2KC,H30a=2KCl+0(C,H,0),+ 



2C.H,CH0{|(g;|;^ 



The formation of acetylene may be due to the action of chlo- 
rated ethylene upon the acetate of potassium, according to the 
equation : 

CaH,Cl-l-K C,HA=HCaHA+KCl-fQ|H^ 

This interpretation of the reaction can not be considered as 
established without further verification ; but one fact is unques- 
tionable, and appears to us very important, namely : that it is an 
atom of ethyl containing two or more atoms of chlorine, which 
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separates firom the silicic ethyd to ^ve rise to the oxyd, and 
oonsequently the continued substitution of chlorine for hydro- 
gen XAkea place in an atom of ethyl already containing chlorine, 
and not as might have been expected in an atom of emyl, which 
contained no chloiine already. The &LCt is contra^ to our 
asual ideas, founded upon the electro-chemical theory m regard 
to chemical afiBnity, and its significance in the study of organic 
radicals is easily appreciated. According to the theory, a group 
of atoms, already containing chlorine, should be less inclined to 
receive a further amount, and the substitution should take place 
by preference in the atoms of ethyl which are free from chlorine. 
The observation which we have made is not without analogy, 
for Lieben* has shown that, in the action of chlorine upon 
otrdinary ether, the substitution of two atoms of chlorine 
takes place in one of the atoms of ethyl to form the body, 

r?^ * [ ^» while the other atom of ethyl remains unacted 

upon, it is remarkable that this analogy should exist between 
ether and silicic ethvd, a body resemoung a hydrocarbon so 
much more clearly than ether doea 

OXYDATION OF SlLIOIO EtHYD. 

We have already stated that silicic ethyd is a very stable 
oompound, and that in order to oxydize it completely with 
strong nitric acid or with a mixture of chlorhydric acid and 
chlorate of potassium, it is necessary to operate at a tempera- 
ture of 180 . We endeavored to obtain a partial oxydation 
by heating with fuming nitric acid at a lower temperature, and 
for this purpose an apparatus was made entirely of glass, in which 
the silicic ethyd was Doiled with the nitric acid, and the vapors 
were condensed and made to flow back into the vessel wnich 
was heated. After prolonged ebullition, during which nitrous 
fumes were given off; the product was washed with water and 
treats with ether, in which it was in great part soluble. On 
evaporating the etheric solution a viscous liquid was obtained, 
which could not be distilled, but which was aried in vacuo over 
sulphuric acid and analyzed. 

L Substance=:0'2275 grms, ; 00^= 0'S880 grm8. ; J5r2O=0-2010 

Jjrms, 
'ubstance=0'S205 grms. ; SiOi=0'1960 grms. 



I. 

0=46-51 


n. 


Calculated for SiO(C2H>), 

47-05 


H= 9-81 
Si=.... 


28'-53 


9-80 
27-45 



* Balletin de la Sod^te Chimique, II, viii, p. 429, and Annalen der Chem. und 
Fharm., ozli, p. 236. 
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These numbers accord veiy nearly with those required by 
the composition of an oxyd SiO(C2H!5)8 in which two atoms of 
of ethyl are replaced by one atom of oxygen, and the body 
would be the next more advanced product of oxydation to 
the oxyd of silicic triethyd, but, as we have not made sufficient 
experiments to determine the chemical properties of this sub- 
stance, we are unable to form a decided opinion as to its tme 
nature. 

Silicic Methyd. 

We first attempted to prepare silicic methyd by means of 
mercuric methyd and chlorid of silicon. The two bodies were 
heated together in a sealed tube for 15 hours at 180^-200°; 
lamellar crystals of mercuric chlorid and methyd (HeCtHjCl) 
were formed, and a gas which was not absorbable by bromine 
was given off on opening the tube. The liquid contents of the 
tube were distilled with caustic potash in order to destroy the 
chlorid of silicon, and were found to consist chiefly of unde- 
composed mercuric methyd together with a small quantity of a 
more volatile body, whicn seemed to be silicic methyd. This 
mode of preparation not being advantageous, we had recourse 
to zinc methyd in the next operation. 

The mercuric methyd was transformed into zinc methyd bv 
the process given by Frankland, and the latter was heated witli 
an excess of silicic clilorid for several hours at 200°. A 
reaction commences at 180°, but a temperature of 200** is neces- 
saiy to render it complete. The tube contained chlorid of zinc 
as a white powder, and we were able to obtain fix)m it by dis- 
tillation a volatile liquid, which, afler having been washed with 
a solution of caustic potash, had the same properties as the 
silicic methyd obtainea with mercuric methyd. 

The preparation of zinc methyd by means of the mercuric 
metliyu is tedious and disagreeable, and we therefore preferred 
to obtain it by the action of zinc upon the iodid of methyl, a 
method which has been already employed by Butlerow* on a 
small scale. Instead of the glass tubes which he employed, we 
used Frankland's digester, in which we heated zinc-turnings at 
120° with iodid of methyl, taking the precaution to interrupt 
the operation from time to time in order to cool the digester 
with ice-water, and to open it to allow the escape of the gasesf 
which form in large quantity. We obtained in this manner, 

♦ Bulletin do la Soci^te Cliimkiue, v, p. 582. 

f Notwithstanding Mr. Butlerow's assertion (Annalen der Chem. und Phanm 
cxUv, p. 39), that the zinc methyl gases are not poisonous, one of us has repeated^ 
experienced ill effects from breathing them, and it is advisable to set them on fin 
as they issue from the digester. It is possible that the difference between ouromi 
observations and those of Mr. Butlerow may be due to impuritiea in the xmc or to 
the fact that we used a cop^^T di^«ter. 
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by distilling directly from the digester, zinc methyd, which still 
contained a little iodid of methyl This product was treated 
in the digester with zinc turnings and chlorid of silicon, after 
we had assured ourselves that cnlorid of silicon does not act 
upon metallic zinc at the temperature employed, but only 
upon the zinc methyd which is formed from it Indeed chlorid 
or silicon is not decomposed even by sodium except at a high 
temperature. 

In order to allow the zinc to act upon the small quantity of 
iodid of methvl contained in the zinc methyd, the digester 
was first heated for 12 hours at 120°, and then for 10 hours at 
200° to eflfect the reaction between the chlorid of silicon and 
the zinc methyd. The digester was cooled with ice before it 
was opnened. After the escape of the gas the product was dis- 
tilled into recipients cooled with ice, and then treated at 0° 
with a solution of caustic potash in order to destroy any excess 
of chlorid of silicon which might be present It is important 
to employ nearly equivalent quantities of zinc methyd and of 
silicic chlorid, because the heat which is developed by the 
action of the caustic potash upon the excess of either occasions 
a loss of the silicic methyd. 

Silicic methyd obtained by this process is a clear transparent 
liquid, lighter than water and boiling at 30^-81°. It bums 
with a luminous flame and a smoke of silicic acid. The follow- 
ing analyses were made of this substance : 

L Sub8tance=0'1855 grms. ; COi=0'S660 grms. ; 5^0=0-2275 

The substance was burnt too quickly in the first analysis 
and a loss of carbonic acid was occasioned. 

XL /S'u&?toncc=01940 grms, ; CO,=0-8875 grms. ; J3iO=0-2350 
grms. 

L n. Calculated for Si(CH3)4 

0=53-81 54-47 5454 

H=13-68 13-46 13-68 

The determination of silicon in this substance presents un- 
usual difiiculties, on account of its great stability in contact 
with oxydizing agents and its volatility. We employed the 
method, which was used for the silicic ethyd, but nere it is 
necessary to enclose the substance in a bulb which is broken 
after sealing the tube. (Silicic ethyd boils at so high a tempera- 
ture, that it can be weighed in a long narrow tube with a cork). 
Fuming nitric acid was the oxydizing agent used, and the 
silicic methyd was heated with it for two days at 200°, but was 
found on opening the tube not to be completely decomposed. 
In a second determination we used a very large excess oi fum- 
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ing nitric acid and heated for forty hours at 250^-800° and 
obtained the following result : 

/SW>5tance=0-2330 grms. ; aSI*0,=01405 grms. 
Si= 29-85 p. c calculated=31-81. 

It is dijBBicult to remove the silicic acid completely fix)m the 
tube by a treatment with caustic potash, and either there was a 
loss in manipulation, or the silicic methyd was not completely 
decomposed even at 800°. 

Two other determinations made at a still higher temperature 
were lost from the bursting of the tubes. 

The above analyses leave no doubt that the composition of 
silicic methyd is represented by the formula : Si(CHg)4, and this 
result is completely in accordance with the vapor density deter- 
mination made by Gay Lussac's method. 

Substance emplo7/ed=^0'1813 grms. 

Temperature of the bath 100°. 

Height of the barometer 751 '7 m.m. ai 8^. 

Volume occupied by the vapor 86 c.c 

Height of the mercury in the Tneasuring tube 194 nLm. 
Vapor density by experiment =3058 

Vapor density by calculation =8*045 

If the silicic cthyd represents the hydrid of silico-nonyl, the 
silicic methyd is the hydrid of silicopen*;yl, SiC4Hi„ or the 
silicated substitution product of the hydrocarbon of the amylic 
alcohol series. 

The want of material has prevented us from carrying the 
study of this body farther ; we will only call attention to the 
great diflFcrence m the boiling points of theses homologous 
silicated hydrocarbons. 

Silicic ethyd boils at 152° '5 centigrada 
Silicic methyd " 80°- " 



Difference = 122° '5 



(( 



This difference corresponds to 30° '5 for each increment of 
CH, and is quite at variance with Kopp's law. This feet is the 
more remarkable since we have shown that in the homologous 
silicic ethers of the normal series, the difference of boiling-point 
corresponding to an increment of CH, is 11° and in the disilicic 
ethers it is only 5°. 

Silicic Ethyd and Methyd. 

It is obvious that considerable interest attaches to the com- 

Eletion of the series of the silicated hydrocarbons, of which we 
ave described the members corresponding to the pentyl and 
the nonyl group, and it appears probable that all the inter- 



SiUoon wi6i Alcoholic Badicaia. 829 

mediate ones may be obtained by the simultaneous action of 
zinc methyd and 2anc ethyd, in different proportions upon the 
chlorid of silicon ; we have not yet, however, oeen able to make 
any extended researches in this direction, but will give the 
result of a single experiment conducted on a small scala 

In order to prepare a mixture of zinc methyd and zinc ethyd, 
we heated in tae digester for 24 hours at 100°, a mixture of 
iodid of methyl and of iodid of ethyl with zinc turnings. 
The liquid after distillation was found to contain iodine, and it 
was reheated for 48 hours with the pulverized alloy of zinc 
and sodium and with zinc turnings ; we thus obtained 85 grms. 
of a product, whose boiling-point was lower than that of zinc 
ethyd. To this product 8 grms. of zinc methyd were added 
ana 86 grms. of the chlorid of silicon, and the whole was 
heated tor seven hours at 195°. The resulting product was 
distilled, washed with a solution of caustic potash, and 
treated with strong sulphuric acid, 10 mns. of a liquid, in- 
soluble in sulphuric acid were obtained, and were submitted 
to a fractional distillation. The greater part passed at 68°-67°. 
This portion was analyzed. 

L Substance^O'VllQ grms.; 00^=0-^40 grms. ; i3;O=0-2284 
grms. 

Si(CHa) (C,H5)s Si(CH,)i (C,H«), 

0=6511 64-61 61-20 

H=14-28 18-84 18-79 

It would appear from the analysis that this body is silicic 
methyd-tri-etnyd nearly pure, but its low boiling-point renders 
this nighly improbable, and it is possible that the high per- 
centage of carbon and hydrogen may be due to the presence of 
some saturated hydrocarbon. According to its boiling-point it 
should be silicic tri-methyd ethyd, but we had not a sufScient 
quantity of material to make further experiments in order to 
determine its true composition. It is certain that the body 
was neither silicic methyd nor silicic ethyd but an interme- 
diate product 

The bodies studied in this research belong to the same type 
as chlorid of silicon. 

Chlorid of silicon, SiCl^. 

Silicic ethyd, Si(CaH5V 

Chi orated silicic ethyd or chlorid of silico-nonyl Si(C8H5)(CtH4Cn. 
Acetate of silico-nonyl, Si(C2H5)8(C2H4C,H80^. 

Silico-nonylic alcohol, Si(C8H5)8(C,H40H). 

Dichlorated silicic ethyd, SiCCaHs^sCCjIIaCla). 

Except the oxyd which has a strong tendency to form in so 
many reactions, and which belongs to a different type : namely, 
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to one in which two groups of molecules are linked together 
through the medium of oxygen. It may be referred to the 
same type as the disilicic ethers. 

Disilicic hexethylic ether, | syc!h O^ 
Oxyd of silicic tri-ethyd, O j Hfc^^ 

The oxychlorid of silicon, O ] c •rji' 

belongs also to the same typa 

In some of these compounds the chlorine is represented as 
combined with carbon in the place of hydrogen, and in others 
as combined directly with silicon. The difference in formulas 
is justified by the marked difference in properties which the 
chlorine exhibits in the two kinds of comoination. 

Compounds containing chlorine combined directly with sili- 
cx)n are readily decomposed by water with formation of chlorhy- 
dric acid ; while the chlorine m the other class of compotmofl 
displays the same inertness, which characterizes it in nydro 
carDons, and is not acted upon by water, and only at a very 
high temperature by acetate of silver. Exactly the same dif- 
ference of properties obtains for the radical of acetic acid con- 
tained in the acetins of silicic ether, where it is in direct com- 
bination with the silicon, and the same radical contained in the 
acetate of silico-nonyl, where it is in combination with carbon. 

Only one point remains in which the analogy between silicon 
and carbon is incomplete. We have said that the most charac- 
teristic property of carbon in organic bodies is its power of 
combining directly with itself to form a complex molecule, 
capable of combining still farther with other elements, as when 
two atoms of carbon, Cg, combine with six atoms of hydrogen 
to form the hydrid of ethyl, C^H^ All the bodies thus far 
discussed belong to the simplest type of carbon compounds, as 
CH4 and its analogue SiH4 ; and m silicic ethyd 4 times CtHj 
occupy the place of H4; but Friedel and Landenburg* have 
lately completed the analogy and obtained the body, SiaCCjHs)^ 
belonging to the same type as SijHj and CjHe, snowing that 
even in its Quality of forming condensed compounds silicon 
resembles carbon. 

* Gomptes Rendus de TAcad^mie des Sdences, ixriii, p. 920, 1869. 
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Art. XXXTTL — Description and Analysis of the Franklin County 
Meteoric Iron; with remarks on the presence of Copper arid 
Nickel in meteoric irons ; the method of analyzing the same; and 
the probability of the Lead in the Tarapaca iron having been orig- 
inally foreign to that mass ; by J. Lawbence Smith, Louis- 
ville, Ky. 

1. 77ie Fra^iklin County Meteoric Iron. 

The Franklin County meteoric iron was first brought to my 
attention in a blacksmith shop in Frankfort, Kentucky. It was 
carried there to be tested in regard to its quality as iron ; being 
supposed by its discoverer to indicate an iron mine. Mr. Nel- 
son Alley became possessed of it, and kindly presented it to me. 

It came from a niU eight miles southwest of Frankfort, lat 
88° 14', long. 80'' 40' (Greenwich), and was discovered in 1866. 
It passed into my possession in 1867, and was then described by 
me, but the manuscript was lost after its leaving my hands, and 
the original notes were displaced ; the notes have been recently 
discovered and the iron agam analyzed 

Its form is somewhat globular, with a highly crystalline 
structura Its weight was twenty-four pounds, and this appears 
to have been its original weight, only a few flakes having be- 
come detached by the rusting through of some of the fissures 
— sp. grav. 7-692. 

Its composition when perfectly freed from rust and earth is 

Iron, 90-68 

Nickel, 8-63 

Cobalt, --.. 0-36 

Copper, minute quantity 

Phosphorus, 0*06 

99*52 

Having, as it will be seen, the usual composition of meteoric 
irons. 

While on the subject of this iron, I will add some remarks. 

2. On the presence of Cobalt i?i Meteoric Irons, 

My attention has been directed again and again to meteoric 
irons, whose analyses are given without mention of the presence 
of cobalt, and in some instances, with the distinct statement that 
it is absent, as in the recent examination of a meteoric iron from 
Auburn, Macon county, Alabama, by Professor Shepard, who 
states that " neither cobalt, tin nor copper was detected in this 
iron." I cannot but suggest the importance of making a most 
critical examination of these irons before pronouncing this fact; 
for in every analysis that I have made oi me\ftorvG \xqit^^^ Von^x 
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one hundred different specimens), with this in view, cobalt has 
been invariably found, sdong with a minute quantity of copper. 
A great many of the analyses made were of irons that had oe^i 
previously examined without a recognition of the cobalt 

The presence of these in^edients, even in small quantities, is 
a matter of considerable mmeralogical interest, as is the case of 
the presence of small quantities of other elements in many min- 
erals ; a fact that I will have occasion to refer to at some future 
time, in connection with leucite and other silicates. 

As a guide to those who may wish to know the manner of 
my examination of meteoric iron, I will give a little in detail the 
method adopted in separating the metals. 

Method of analysis. — A small piece of the iron is selected, 
perfectly free from crust and earthy matter. I sometimes plunge 
the fragment into nitric acid, somewhat diluted, warm the acid 
and continue the action for a few seconds, withdraw the iron, 
wash well and dry it The piece selected for analysis should 
be about one gram, or a little over, (except where the copper is 
sought for quantitatively, and then at least ten grams should be 
used for the copper estimate alone). Treat the iron in a porce- 
lain capsule, or glass flask, with a mixture of hydrocnloric 
and nitric acids, consisting of four parts of the former to 
one of the latter, and about as much water as acid ; dissolve 
over a water-bath ; if a capsule be used, invert a funnel over the 
mixture, the edges of the funnel entering the capsule, but not 
touching the mixture. Continue the action on tne water-bath 
until the solution is complete, evaporate to dryness (having 
washed what may adhere to the inner surface of the funnel into 
the capsule), then add a little more hydrochloric acid and evapo- 
rate again nearly to dryness ; thus is done to insure driving 
off the last portion of nitric acid, and rendering the iron easily 
soluble. Add to the contents of the capsule an ounce or two 
of water, and, if there be a residue, it must be collected on a 
weighed filter, dried, weighed, and reserved for future examin- 
ation ; if the quantity be too small for examination, a laiger 
portion of the iron must be examined with special, reference 
to this residue — which most commonly is a silicate, but may 
contain carbon or chromic iron (ehromite). 

If, however, there is no residue, proceed to the next step at 
once without filtering ; if the solution has been filtered, the fol- 
lowing steps are the sama Examine first for sulphur. Tliis is 
done by adding a few drops of chlorid of barium ; if there is a 
precij)itiite, it is collected on a filter, and the sulphate of baryta 
obtained furnishes the amount of sulphur present Next pass 
a stream of sulj^huretted hydrogen through the filtrate to com- 
plete saturation, previously adding a drop or two of sulphuric 
acid ; much sulphur will be deposited and a very minute quan- 
tity of copper (not tracea\Ae \>^ X\i^ ^ox of the precipitate, but 
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only recognized by the most delicate tests after the sulphur of 
the collected precipitate is burnt away) ; the solution, thix)wn on 
a filter, leaves the precipitated sulphur, the little trace of copper, 
and all the excess of the ba^ta that had been added, if the ex- 
cess had been slight The niter is then ignited in a porcelain 
crucible — ^the residue treated with a few drops of nitric and sul- 
phuric acids, which suffices to dissolve the copper, and when 
evaporated to dryness leaves the copper in the form of sulphate, 
slightly acid, as there is no necessity of heating so high as to 
drive off the very last trace of sulphuric acid. The presence of 
the trace of copper is easily shown by adding a drop or two of 
water to dissolve the sulphate, and with the end of a glass rod, 
placing a little of the solution on a clean and bright sur&ce of 
iron, as the blade of a knife, for instance. In no examination of 
a meteoric iron have I failed to detect copper by this means. 

When more iron is used, and there is conseauently more cop- 
per, it can be separated and weighed. Tin and lead will also be 
SDund in llie precipitate, if they be present, but I have never 
detected either, except lead in the case of the Tarapaca iron, 
which I have every reason to believe was originally foreign to 
the iron. 

The sulphuretted hydrogen precipitate, which I have always 
obtained, is so minute m a ffram of iron that it may be dispensed 
with, and the iron, nickel and cobalt be separated, wnich is 
accomplished as described a little fieather on. I^ however, sul- 
phuretted hydrogen has been used, the iron in solution is in 
the form of protoxyd, and must be converted into the peroxyd, 
which is accomplished by adding a little chlorate of potash and 
hydrochloric acid that have been made to react on each other 
by heating, before adding it to the boiling solution of iron, &c. 

The solution of iron should have a bulk of ten or twelve 
ounces ; to it is added a solution of carbonate of soda in suffi- 
cient (quantity to nearly neutralize the free acid ; the iron is now 
precipitated oy acetate of soda, with all the well known pre- 
cautions. I wash this precipitate only partially, and detach it 
firom the filter by wasmng it into a b^ker, and re-dissolving it 
by hydrochloric acid, and precipitate it a second time by acetate 
of soda; I then subject it to complete washing, and esti- 
mate the iron in the way usually employed. This second pre- 
cipitation is necessary to separate an appreciable quantity of 
nickel remaining in the acetate of iron after the first precipita- 
tion ; and after considerable experience, I must say that it is the 
only method of separating, with any degree of accuracy, iron 
fit)m nickeL 

The solution separated from the iron, and containing nickel 
and cobalt, is concentrated down to four or five ounces, then 
treated with caustic potash or soda, thrown on a filter, and 
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washed with hot water, with all the usual precatitioiis when 
nickel is precipitated by an alkali The precipitate is dried, 
ignited and weighed ; after which it is dissolved in nitric acid 
over a water-bath, and the acid solution evaporated nearly to 
dryness ; about two or three drams of water are added, then a 
concentrated solution of nitrite of potash, then an excess of acetic 
acid ; this is now set aside for forty-eight hours, during which 
time the nitrite of cobalt is completely separated ; it is next 
thrown on a filter, washed and estimated m the manner pro- 
posed by the author of this method ;. I usually employ a con- 
centrated solution of the sulphate of potash to wash wiflL This 
method, to say the least oi it, has in my experience proved 
fully equal to the cyanid method, and is much more smfiple; 
and by it I have never failed to detect and estimate cobalt in 
every meteoric iron that has come under my examination. 

In examining for phosphorus^ the following method is adopted: 
To three or more grams of the iron in a porcelain capsule, add 
nitric acid diluted with water ; then invert a funnel over the 
mixture, to protect from loss during the action, evaporate to dry- 
ness over a water-bath, and then on a sand-bath to a tempera- 
ture of 500° or 600*^ ; the iron is thus converted into an oxyd with 
little or no nitric acid remaining, and the phosphorus is trans- 
formed into phosphoric acid that is now combined with oxyd of 
iron. The residue is detached as thoroughly as possible from 
the capsule, and mixed with twice its weight of carbonate of 
soda, or, better still, with a mixture of carbonates of soda and 
potash ; a little carbonate of soda added to the capsule, and 
rubbed with a pestle, detaches the last portion of oxyd of iron, 
or rather leaves so small an amount as to make no error in the 
future steps of an analysis where the original quantity of phos- 
phorus is so small 

The mixture of oxyd of iron and phosphate is now to be 
heated in a platinum crucible to the pomt oi fusion of the car- 
bonates for about twenty minutes ; then heat the mass with 
water, when the excess of carbonates will be dissolved, and 
what phosphate may have been formed ; the phosphates will 
represent all the phosphorus in the iron. Now neutralize the 
carbonate with hydrochloric acid, and estimate the phosphorus 
in the ordinary way, by a magnesia salt 

With regard to the detection of chromium, and other special 
constituents of some meteoric irons, especially those containing 
some siliceous minerals intimately mixed in the iron, it is not 
the province of this paper to discuss. 

8. Lead in Meteoric Irons. 

The only instance of the finding of lead in meteoric irons is 
that of the Tarapaca iron, found in 1840, in Chili, which was 
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examined by Mr. Greg ; the metallic lead was detected by him 
In small masses of varied dimensiona 

I have examined several specimens cut from the original 
mass of iron, two of which are in my possession, and my con- 
viction is, that the metallic lead was altogether foreign to the 
iron when it originally fell, and has been doubtless derived 
firom lead with which the mass was probably treated by the 
original discoverers for the purpose of extracting some precious 
metal, they being ignorant of its true nature. My reasons for 
coming to this conclusion are, that the lead is found in cavities 
near the surface of the iron, these cavities having channels of 
more or less size leading to the exterior of the mass ; the iron is 
honey-combed in its character in many places, which is evident 
to the eye, and is also indicated bv its specific gravity 6*6. In 
pieces of the iron, detached from tne interior of the mass and ex- 
amined with the utmost care by a magnifying glass to see that 
there is no possible fissure in it, no lead has been found. These 
pieces are exceedingly difficult to obtain, and can only be had in 
very small pieces. 

The crust of the iron having the most cavities furnishes most 
lead, and is in some parts covered by a fnsed yellow crust of 
oxyd of lead ; this last fact has no sigmficance, however, in the 
present consideration of the matter. Without venturing to in- 
sist too sharply on the view here taken, after the careful exam- 
ination of so distinghished an observer as Mr. Greg, I recom- 
mend this view of the subject to those having larger specimens 
of the iron than myself. 



Abt. XXXrV. — Bemarks on the alkalies contained in the min- 
eral Leucite; by J. Lawrence Smith. 

In examining recently many of the silicates containing alka- 
lies, my attention has been called to Leucite, and it is on that 
mineral especially that I would now remark, reserving for 
another time my observations on the other silicates. 

The specimens of leucite examined came from four localities, 
Vesuvius, Andemach, Borghetta, and FrescatL They were 
about as good specimens as are obtained from those localities, 
although all of them were not equally pure. The alkalies 
found m each calculated as potash were — 

Vesuvius, - - - - 21*86 

Andemach, - - - 20*06 

Borghetta, .... 20*68 

Frescati, - - - 20-88 
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The specimen from Andemach was analyzed for tlie silica, Ac, 
and found to contain silica 54*76, alumma 2308, and l^SS of 
oxjd of iron ; this last seemed to be mechanically disseminated 
through the crystals. 

I say above in relation to the alkalies "all calculated as pot- 
ash," for the reason that there is a notable quantity of ruoid- 
ium and caesium present in all the specimens above mentioned. 
In fact, by the method adopted in testing for these alkalies 
abundant indications are obtamed of the presence of rubidium, 
cfiBsium (the last not so readily), even wnen operating on but 
half a gram of the mineral I am now engaged in working out 
a method of estimating quantitatively rubidium and csBsiimi in 
the presence of other alkalies ; by this method, not yet perfected, 
the quantity of these alkalies in leucite is founct to be about 
y'y of one per cent of the entire mineral 

Of course it is not at all remarkable that the potash in the 
different specimens of leucite should be the same ; but it is a 
matter of interest to know that, from whatsoever locality it 
comes, this minute quantity of rubidium and c»sium occurs 
with it On some future occasion I hope to be able to bring 
together certain generalities in this connection of more or less 
interest to mineralogista 

I have also detected rubidium in half a gram of margarodite 
aAd Warwick mica, and have failed to detect it in apophyllite, 
thomsonite, pectolite, elseolite, chesterlite, cancrinite and other 
silicates. 



Art. XXXV. — Examination of a new and extraordinary Chu 
Well tn the State of New York ; by Professor Henry Wurtz. 

[Read to the New York Lvceum of Natural History, March 14, 1870.] 

A NEW and copious outburst of gas has recently been ob- 
ser\'ed in the township of West Bloomfield, county of Ontario, 
and State of New York, alx)ut twenty miles south of Rochester, 
and sixteen miles west of Canandaigua. 

It is now about four years since the owner of the ground, 
Mr. Beebe, while boring with the hope of getting petroleum, 
stniok the cavity from which the gas flows, at a depth, as he states, 
of r>lH) feet The bore-hole is tubed down to, and into, the solid 
rvx»k, and the tube stands about ten feet above the soid^ice. This 
txibo is five inches in diameter : and the iaaning gas, when 6um- 
inth as it was when I saw it gives in a still atmosphere a flame 
some thirty feet in height The flow has been stated independ- 
ently by two {parties, who have measured it with lai^e balloons of 
known oai^oity attached to the outlet, to be from, four to five 
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eet per second, equivalent to from 15,000 to 18,000 feet per 
lOTir, or, in the mean, at the rate of about 400,000 cubic feet of 
;a8 per day. From observation on the spot, without any means 
>t exact measurement, however, I am prepared to beueve the 
)robabiKtv of this enormous evolution of combustible gas from 
he bowels of the rocks. Such a flow really corresponds to a 
pressure of but a few feet of water. Ten inches should, accord- 
Dg to calculation, drive through a pipe 600 feet long and five 
nches in diameter 22,000 feet per hour of gas, of tne density 
rhicli I have found for this, namely, 0*7. There is, however, 
lere an important residual projectile force, in addition to this. 
Phis flow has now gone on for more than four years, and accord- 
ng to the testimony of residents of the vicinity, without any per- 
ceptible diminution of energy ; indicating, in the aggregate, an 
»cape of some 600,000,000 of feet, about half the yearly make 
>f our largest gas manufacturing company, the Manhattan. The 
nost remarkaole feature is the absence of diminution of flow for 
K> long a time,in connection with the low pressure indicated. I 
lence infer the probability of an indefinite continuance ; as the 
^ must originate not from a reservoir in a state of compression, 
>ut from huge masses or sur&ces of rock, from which it oozes out 
pudually at every pora This inference is justified from the phe- 
lomena of other fountains of natural gas, of which so many are 
cnown to have flowed from time immemorial without exhaas- 
ioiL As to the j^eological age of the bed fix)m which this gas 
x>mes, I was tola that Professor Hall, having been consulted, 
xonsiders it to be most probably the Marcellus shale ; and on 
»nsultation with Dr. E. P. Stevens, whose acquaintance with 
X)th the geology and topography of this section is minute, I 
ind him to agree that a bore-hole 500 feet deep, in this locality, 
v^ould be very likely to terminate in the Marcellus, the beds of 
vhich are here probably a hundred feet in thickness. The out- 
ax>ps of the Genesee slate (which cross to the southward of this 
ocality, its horizon being some twelve hundred feet higher than 
hat of the Marcellus) also emit combustible gas copiously lq 
>Iaces. I cannot dwell at this time, however, on the geological 
[uestion, but must pass to the chemical examinations. These 
Te still in progress, out much that has interesting has neverthe- 
ess been developed. 

The points, wnich I attempted to determine on the ground, 
hough with very imperfect means, were the temperature with 
rhich it issues, tne photometric power (which is quite apprecia- 
ble), and the effect of intense cold upon the latter. 

The temperature. — A small hollow semi-cylinder of wood, closed 
,t the bottom, was cemented with beeswax against the side of the 
veil-tube near the ground, filled with quicksilver, and the ther- 
Qometer inserted. It was found, however, that the temperature 
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was Dot constant, showing a heating of the iron bj radiation and 
conduction from the flame above. At one time, however, the 
temperature sunk to 59^ F., so that the true temperature is be- 
low this, it may be as low as 50*^ ; very low for a depth of 500 
feet Doubtless the gas is cooled by expansion from a state of 
compression. (A curious suggestion occurs here r^arding cau- 
ses of irregularity in increase of temperature in descent in some 
fossiliferous rocks.) 

The candle power was determined with a standard candle by 
contriving a small dark room with a large blanket shawl, wmg 
of course the Rumford or shadow test The ^as was bumea 
from a five- foot steatite-tip bats-wing burner, being first passed 
through a glass tube so stuffed with cotton as to reduce the 
pressure just to tliat which gave the maximum of light The 
result was about six candles, I had not with me an Argand 
burner, which, especially if with a very contracted throat, would 
doubtless afford with this ffas a considerably higher candle 
power. It is well known that the effect of carbonic add in 
aiminishing illuminating power is very far less in the Argand 
than in flat flame burners. 

The condensation test was made by immersing in snow and 
salt, in a common water bucket, some sixty feet of small india 
rubber tubing that I had with ma The thermometer stood at ff* 
F. in tlie mixture. No change of the candle power occurred 
during lialf an hour, and hence the light-giving hydrocarbons 
present seem to be permanent gases, or at least practically in- 
condonsabla Lime-water showed carbonic acid to be largely 
present 

Suin})les were taken for analysis in accurately-ground glass- 
stopjHTod bottles, with which, and some quicksilver, I had pro- 
vidtnl myself These bottles were stopped under quicksilver, the 
stopjH^rs having been previously smeared with some thick gly- 
cerine. Those l>ottles were then carried to the laboratory of the 
Manhattan Cias Light Co., in this city, and some analyses made; 
new metluxls and manipulations being used which were devised 
by myself, in ei>n junction with Professor Silliman, and which we 
have not yet published. 

Rt suits of the analyses. 

Marsh gas _ 82*41 

i\'^rlHMUo acivl lO'll 

N itrt\uon 4*31 

i>\ yctMi 0-23 

Illuminating hydriH*arl>ons, 2*94 

100-00 
Donsitv, 0'693 
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another density determination gave a considerably higher 
re ; but, wishing not to exhaust all my material, I nave not 
?ated it, but have adopted 0*7. Calculation gives 0'7043, 
ming the three volumes of unknown iUuminants to have 
nsity of 1*6. 

rith regard to these three volumes per cent of illuminant 
rocarbons ; as they are absorbed by Nordhausen acid they 
lot belong to the saturated hydrocarbons C2nHfti+j, and can- 
therefore be hydruret of ethylene C4H4H^ as found recently 
•rding to Fouque and Gorccix in the gases of the Appe- 
is ; in most cases in traces only, but in one case to the ex- 

of nearly 18 per cent ! (See Oomptes Reudxis^ Ixix, 946). 
5 seems at first glance in accord with the opinion put forth 
Touque, founded, as he says, on the study of the gases from 
3rican petroleum wells, that the gases of the series CanHgn^, 
3specially characteristic of sources of petroleum ; but as the 
>8t universal marsh gas is itself of this series, I cannot see 
any such generalization can be accepted. I am still engaged 
irther examinations of these hydrocarbon constituents, out 
tnaterial is at present insufficient 

he l-400th volume of fi'ee oxygen found is really present^ as 
I convinced, in the gas as it issues, and is not accidental, as 
que and other analysts have deemed the traces of oxygen 

find in such gases. The extreme precautions taken by me, 
. in collection and transportation, as well as in analysis, make 
X)nfident of this ; but as important chemical and geological 
ilusiona are here involved I shall make farther ana repeated 

of this point 



'. XXXVL — On Flame Temperatures, in their relations to 
miposition and Luminosity ; by B. SiLLiMAN and Henry 
''UBTZ. First Part. 

Read to the American Association at Salem, August, 1869. 

Calorific powers or effects of gooses, — The calorific powers or 
ts of gases lie, in our belief, at the very basis of the true 
ry of the phenomena of luminiferous gases, and have prac- 

bearings that can scarcely be overrated. In fact, our 
ies of the subject have led us in the direction of the gene- 
onclusion that, all other conditions being equal, the tern- 
hire, in a given flame, is the main factor of luminosity. 
, however, mav as yet be regarded merely as a hypothesis ; 
onsequence oi the imperfection of our present means of 
al experimental demonstration of the temperatures of 
ea. It is a hjrpothesis, nevertheless, which is in general 
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accordance with known facts. By the spectroscope, for examDle, 
which can recognize only luminous rays, we find that the higner 
the temperature the greater the number of these luminous ray& 
The recent results of Frankland upon the development of lumi- 
nosity by increased pressure, in flames which are non-luminous 
under atmospheric pressure, are in accordance with this view ; 
increase of temperature necessarily following increase of pres- 
sura 

Very vague views have been rife, even among chemists, with 
regard to the temperatures of luminiferous flames. Some have 
been satisfied with believing crude hypotheses ; such as that the 
heat-power of a flame is always proportional to the density of 
the gas or vapor undergoing combustion ; or that it is propor- 
tional to the amount ofoxygen consumed by a given volume of 
the gas ; and so on. This latter hypothesis has been one of 
very common acceptation. A view which is even now enter- • 
tained by some sknful chemists (than which, however, nothing, 
as will be shown, could be more fallacious) is, that those in- 
dividual gaseous compounds, which impart the highest lumi- 
nosity under ordinary conditions, are also the most productive 
of heat 

The admirable researches of Bunsen, of Heidelberg, placed 
in our possession some years ago the means of computmg, at 
least with approximate accuracy, the heat of flames of gases 
of known composition. Few however have properly and 
successfully applied Bunsen's methods in practica We con- 
sider it quite time tliat these methods should be introduced 
to the knowledge of gas engineers, in forms available to 
them. 

Bunsen's formulae for these computations are based upon the 
actual experimental determinations of the total amounts of heat 
developed by the combustion of different pure combustible 
gases with pure oxygen, made by Favre and Silbermann; and 
upon Regnault's determinations of the specific heats of gaseous 
pnxlucts of combustion. 

It is not to be maintained that Favre and Rilbermann's num- 
bers are strictly correct, but they are doubtless approximate, 
and at least proportionally correct among themselves^ At any 
rate, they are the best data we hava Those employed here are 
included in the following tabla They are usually given in the 
text-books for equal weights of the gases, but we have reduced 
them to the stanoard of equal volumes also, as more suitable to 
our present purpose. This reduction is made simply by multi- 
plying the equivalents for weights, by the densities as given in 
the third colunm. 
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Table L 

Total oaloriflc equiyaleDta. Densities 

- Of eoiul welf hta. Of •giuJ toIoidm. Hfdrot«&-»L 

arbomc oxyd 34,462° C. 34,462° C. 1 

ydrogen 2,403° 33,642° 14 

larshgas 13,063° 104,604° 8 

lefiantgas 11,868° 166,012° 14 

The meaning of this table is simply that equal weights of 
ater would be heated by the several gases to temperatures pro- 
>rtional to the numbers in the first column, when equal weights 
' the gases are burned ; and proportional to those in the second 
>lumn, when equal volumes are burned. 
A cursory glance at the figures in the second column of this 
ble might seem to justify the notion, hitherto entertained by 
any, of the comparatively low calorific powers of hydrogen 
id carbonic oxyd; and it was doubtless as a consequence of 
ich a comparison as this, that statements Jiave been put forth 
id widely accepted among American gas engineers to the 
feet, that the weight of water heated from the freezing to the 
>iling point by one cubic foot of the four main components of 
uminating gas, respectively, is as follows : 

Hydrogen 2*22 lbs. water. 

Carbonic oxyd 2*16 " " 

Marahgas 6*17 " " 

Olefiantgas 10*74 " " 

he figures here being obviously about in the same ratio as 
ose in the second column of Table L Several most ffrave 
rors, however, are here involved. To get at the true relative 
lorific effects of the above gases, when burned in the open air, 

heating water below its boiling point, deductions must be 
ade, not only for the specific heats of the products of combus- 
>n of the gas, but also, more important still, for the specific 
sat of the nitrogen of the air required to bum the gas. In 
C5t, when we consider that for eacn volume of oxygen required 

bum a given volume of a gas, about four volumes of nitrogen 
ust be heated up to the temperatures of the flame, it becomes 
sy to conceive, what is actually the fact, that within certain 
nits the waste of heat due to tliis cause alone counterbalances 
together the advantage that would be supposed to result from 
e crowding of combustible matter into so condensed a form 

in the illuminating hydrocarbons. The result of our investi- 
.tions of this matter is that the heating powers of the flames 

pure hydrogen and pure olefiant gas, even when used to the 
eatest advantage, to neat water below its boiling point, are 
Qiost or quite identical 
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In this discussion we have occasion to use the numbers repre- 
senting the specific heats of but three gases, the three, namely, 
which remain after complete combustion, steam^ carbonic acid mi 
nitrogen ; as we must assume that in the hottest and most lumi 
nous zone or shell of the flame, there is no oxygen in excess to 
be heated. These three numbei-s are, accordmg to E^nault's 
latest determinations, for equal weights of 

Steam 0*4805 

Carbonic acid - 0-2163 

Nitrogen 0-2438 

(Liquid water being 1 -0000) 

This means that the amounts of heat which would raise one 

Sound of water and steam to the same degree are in the ratio of 
•4805 for the pound of steam, and 1 for the pound of water. 

2. Calculation of the calorific effects of Hydrogen burning in air, 
— Let us take, first, the simplest case possible, that of hvdrogen 
with exactly the right admixture of pure oxvgen to \)um it, 
which, by table I, develops a total heat of 84462"* C. ; that is, 
would heat a certain weight of liquid water to this temperature; 
In ortier to find the actual amount of heat contained in the pro- 
ducts of combustion, we must first take into account the fact 
that one pound of hvdrogen bums to nine pounds of steam, and 
then obtain the ratio between the above number, S4462, and 
the amount of heat necessary to heat nine times the weight of 
steam ; that is, nine times tKe specific heat of steam. Calling 
the total residual heat in the produced steam x, we have the 
simple prL>[>ortion : 

9X (sp. heat of steam =0-4805) : 34462^ : : (sp. heat of water=l):x 

or, X = ^^~ =7969° C* = 14376° F. ; 
4 -3240 

a number which, we may add, represents the maximum of heat 

cajviible of being imjxirtovl thei^retieally to liquid xcaJter by the 

ilame of Ilaro's oxyhydn^en blow-jnpe. 

Still, we have by no means here tne actual temperature of 

the iKv or open tlame of Hare s blow-pijie, which is generally 

lower than tliis figure: as we have not yet taken into account 

the latent heat, or heat of vaporization/ of the 9 lbs. of steam 

foruuxl The Centigmde temperature necessary to convert 1 Ih. 

• Wim^^n. in hi» OiAsonionr j^Ea^idi edition of 1S57, p. 242), giTes this number 
M SOt^l'* 0.» tho didTorvno^ beinjr due to hi* using a different number fw the spe- 
cirto ht>Ai of >u\i!u. namoly. 04 T 5, apj>*n*at;T an earlier detennination of Regnanlt 
Buu;»t»n uuko« hoiv the siixir-ilar oT^rsichi of xvganiing this fignire as the tempert- 
tWT\\ whon " tho iTSk^s can ftvely exiWnd, as is the case in an open flame,"* over 




fts'ii u has \ven vv,^V^^«<L 
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iter into steam being 687^ ; to get the actual temperature 
3 oxy hydrogen flame, we must modify the above equation, 
%t 

^^ 84462^9X587") ^ggg^o ^ = i2864" R ; 
4'8245 

1 is the temperature actually possible in the flame of the 
ound blow-pipe, were the combtistion instardaneoua and 

len hydrogen gas bums in air, however, as has been 
3 stated, another deduction of enormous amoxmt must be 
from the above figures, due to the heat required to expand 
itrogen- This is obtained simply by adding to the divisor, 
Dve, the weight of the nitrogen of the air employed, mid- 
i by its specific heat The weight of the nitrogen in air= 
times the oxygen ; so that the latter of the above equa- 
becomes 

— 84462"— (9x637°) __ 0744 .k© n —4.0700 v 

~ 4-3245+(8x3-318 X 0-2488) " ^^^ ^ ^.-4»72 J^. 

5 have here a full explanation of the extraordinary loss of 
r in illuminating gas by admixture of air, wnich we 
discussed elsewhera* The nitrogen of such air is not 
y a diluent, or even a mere deductive quantitv ; its specific 
s an actual dinisory function in diminishing the flame-tem- 
ire. 

is, then, is the actual temperature to which the flame of 
►gen gas burning in the atmosphere might attain to, sup- 
5 complete and instantaneous combustion. If it is desired 
:ain instead, the total calorific eflfectiveness, as in heating 
below its boiling point — in which case the latent heat of 
beam of combustion becomes also available — ^the above 
ssion is changed by simply omitting the subtrahend in 
imerator : 

^=-"t-oo^t^7^tT7=8192° C. = 5778" F. 
4 -3245 +6 -4714 

Calculation of the calorific effect of carbonic oxyd burning in 
As the product of combustion is here solely carbonic acid, 
icnt heat of steam enters, and the calorific effectiveness 
same, under all circumstances, in air. In the numerator 
bstitute of course the calorific equivalent of one volume 
bonic oxyd from Table I ; and m the denominator, for 
>ecific heat of 9 lbs. of water, that of 22 lbs. of carbonic 
)eing the weight of the latter formed by the combustion 
^mbination of 14 lbs. of carbonic oxyS, with 8 lbs. of 

♦ This Journal, II, xlviii, 40. 
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oxygen. The number for the specific heat of nitrogen is the 
same as before ; and the equation is now 

'■=PxMfS|S¥7=ir^=2'««° a = 6426= F. 

4. Marsh gas and Olejiani gas. — In these two cases, we have as 
products of combustion' both carbonic acid and water; and, 
therefore, when the calorific effects are sought for, we have 
not only the latent heat of steam entering as a subtrahend 
into the numerator ; but also into the denominator, as divisore, 
all three of the specific heats of steam, carbonic acid, and nitro- 
gen. 

Then, as 8 lbs. of marsh gas consume 22 lbs. of oxygen, and 
produce 22 lbs. of carbonic acid, and 18 lbs. steam ; and as 
14 lbs. of olefiant gas consume 48 lbs. of oxygen, producing 
44 lbs. of carbonic acid, and 18 lbs. of steam, the equations for 
the calorific jx)wers of their fiames in air become— 

For marsh gas : 

X = 104504O-(18X537O) ^^^^^o C.=4886«F. 

(18X-4805) + (22X'2163)+(32X3-318X-2138) 

And for olefiant gas : 

16 6012o~ (1 8x-537O) =2743°C.=4970°F. 



ar = 



(18X*4805)+(44X 2I63)+(48x3-318X-2438) 

When the deiluction for the latent heat of the steam of com- 
bustion is not made, the results in these two g^ses are consider- 
ably higher, as will be obvious from mere inspection of the 
forinuhv. 

Wo shall now give, in tabular form, all the results of our 
calculations of the calorilio powers when burning in the air, of 
the four mi^es we have to deal with. 

Table IL 

For oqual volumos v^f the i\ik>rIfio eflWrts i» hemt- Cmlcnific effects^ aboT* 
g;ft^^« burainkT in Air. in^ liquid water. 100® C. 

C«ct4cnu!e Fahrenheit Centtfrade FahrrDhrtt 
d«vT««*. dcfTves. d iftili* . drfrees. 

i ^Jtiv fco*t H0= 4<0M 31i*2° ) 5778^ ) 2744® ) 4971** ) 

Hvviiw^n ; ^stp. hwit IU^= 475i«» 3i.>4«> '- 5799® [ 2755® V 4S91* \ 

(r'iw*n 319S^* 57>8®) 6749®) 498<t») 

l>»r<VH^io .>x wi C^'^e® 5425® 2996® 6425* 

M«rsh CHS, (#p. he*; 1U>=-+>0;>1 26*^0- 4^20® 2414® 4386® 

OWA^nJ ,p«. " i*l«^ 54S1® 2743® 4970® 

;\ (V^jtK.Mf/tvi o'' c\U', "* r.* ^y^x'ts or' m*xed gases, — ^The above 
talso TXMKiors simple the oaloiiiaiion of the calorifie eflfects of 
auY v^ivcu gas^vus ii;ix:urv\ who>e centesimal composition is 
kuo\\:\. I; is ouly iiecossiirv ;o obtain the sum of the multiples 
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of the percentage of each component gas into its calorific capa- 
cily, as given in this table, ana divide oy 100.* 

To serve as examples of these modes of computation we 
here cite, in tabular forms, the results of some analyses of a 
number ofgaseous mixtures, made by us during the winter of 
186&-9. [These analytical results, it may be remarked, pos- 
sess points of novelty and importance, both scientific and prac- 
tical, which will bring them up again hereafter, in other connec- 
tions. They are here placed on record.] 

Table III, gives the results of two analyses of gaseous mix- 
tures obtained by passing steam superheated to incandescence up- 
ward through a mass of anthracite coal heated to a high degree 
in a clay retort of a novel construction, according to what is 
now known as the " Gwynne-Harris," or American Hydrocarbon 
Gas System. In this table the results are calculated without 
carbonic acid and sulphuretted hydrogen, which, with traces of 
nitrogen and sometimes of oxygen, are found in the unpurified 
anthracite gas. 

Table m. 

No. 1. No. 2. Mean. 

Hydrogen ttO-43 69-32 69-87 

Carbonic oxyd 36-44 37-14 36-29 

Marshgas 4-18 3-54 3-84 

100-00 100-00 100-00 

In Table IV, column 1 gives the results of the analysis of 
the street gas served out at this period by the New Haven Gas 
Light Company ; made from Westmoreland coal enriched with 
about six per cent of Albertite, Column 2, the mean of four 
analyses of the completed hydrocarbon gas made by us at Fair 
Haven during the same time, by combining gas from the same 
Westmoreland coal (with 10 per cent of Albertite) with about 
half its volume of the Anthracite gas. Columns 3 and 4 are 
obtained from 1 and 2 by centesimal reduction, after deduction 
of the illuminant ingredients, being what we propose to desig- 
nate as the non-illuminating svhstrata of illummatmg gases. 

♦ Prof. Bunsen, in the masterly discussion of the subject presented in his Gaa- 
amdryf not havings in view the exact object we propose, has used a train of reason- 
ing and a mode of formulation of some complexity, to follow which requires some 
Ht^ mathematical skill — ^part of his object having been to construct a formula so 
general and comprehensive as to cover the direct computation, from any gaseous 
mixture independently of its special calorific intensity. We have hete aimed at so 
simplifying as to bring the whole subject within the capacity of all. Our above 
tabolation of the individual gaseous components, as a starting point, seems to us to 
accomplish this most efifectually, so far as Illuminating gases are concerned. 
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Table IV. 

(1.) (2.) (3.) (4.) 

NewHftTen FalrHayen Satatratom Bnbatntam 

City Gas. Hydrocar* of New at Fair 

bon Qas. HaTen Gaa. HaTea Om. 

Hydrogen 43-68 46-77 46-79 60-27 

Carbonic oxyd... 214 966 2-31 10-27 

Marsh gas 47-42 8671 60-90 3946 

Illumiuants 686 6-96 

10000 100-00 100-00 100-00 

Table V gives the results of the computation, fix>m our fo^ 
mulflB, of the calorific powers of these five gaseous mixtures, for 
communicating temperatures both above and below that of aque- 
ous ebullition. We should remark that we have here been 
obliged to regard the volumes of illuminant hydrocarbons as rep- 
resenting olefiant gas solely ; both because we have no certam 
data as to their real nature, and particularly because, if we ac- 
tually knew, or should assume, the nature of the hydrocarbon 
vapors present, still we have no experimental calorific equiva- 
lents, as we have for olefiant gas, from which to start in such a 
computation. We have reason to believe nevertheless that the 
errors thus introduced are not important in amount 

Table V. 

Weights of water W*tB of water Ut column re- id eolmnn re^ 

equally heated equally heated dnced to N. dnced to New 

below boirg ; by above boirK ; by Haven gaa Haven gai 

equal volumes, equal volumes. — lOOi »100L 

Anthracite gas 3 100 2823 104*2 lu9-2 

Substratum of the New Haven 

street gas 2917 2681 98*1 99*6 

Substratum of the Fair Haven 

hydrocarbon gas _ . . 2962 2640 99*6 1020 

New Haven gas; with the il- 

luminants a8Sumed=olefiant 2974 2592 100*0 lOOH) 

Fair Haven gas ; with the il- 
lumiuants assumed=oleflunt 2959 2647 99*5 102*1 

8. CoiiclusioTis, — Some of the practical conclusions to which 
we are led, by the results of the above investigations, are 
somewhat remarkable, so that we feel diffident regarding 
them. It is however always safe to follow the leading of 
truth, however astray she may conduct us from our precon- 
ceived notions. 

From Table II it is apparent: 

1. That of all known gases, the highest calorific effects, under 
ordinary atmospheric conditions, are obtainable from carbonic 
oxyd; whose calorific value, above 100*' C, is about 3000° C. 

2. That, in absolute calorific value, below 100° C, in the at- 
mospheric medium, hydrogen surpasses its volume of any other 
gas; giving a temperature of about 3,200° 0. 
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8. That for all modes of application — that is, for producing 
both high and low temperatures — ^the total maximum calorific 
eflTectiveness of carbonic oxyd is a constant quantity* 

4. Compound condensed submultiple volumes of hydrogen, 
like that in marsh gas, have much less total calorific value in air 
than their volume of fi^ hydrogen. 

5. Condensed compound submultiple volumes of gaseous car- 
bon, like that in olefiant gas, have no greater total calorific value, 
in air below 100® C, than their own volume of carbon gas in 
the form of carbonic oxyd ; while above 100° C. their value is 
even considerably less. 



Art. XXX VIL — On the Laurentian andHuronian Series in Nova 
Scotia and New Brunswick; by Henry Youle Hind, M. A. 

Contevtb: — 1. Introduction; 2. General Sketch of the Distribution of the Huronian 
and Liuirentian Series in Nova Scotia ; 3. Sequence of Formations — The Upper 
Silurian ; 4. The Lower Silurian ; 6. The Gold-bearing Rocks ; 6. The Cambrian 
or Huronian Series ; 7. The Laurentian Series ; 8. The Eotoon Canadenat ; 
9. Cape Breton Island. 

1. Introduction. 

The descriptions contained in this paper, so far as they relate 
to Nova Scotia, are in the main the results of observations 
during the summers of 1868 and 1869, while making geological 
surveys for the Nova Scotian government, in the gold aistricts of 
Waverley and Sherbrooke. The comparisons with New Bruns- 
wick are based on my official Eeport on the geology of that 
Province ;f and the references to Cfape Breton, when not other- 
wise stated, are from MS. notes of explorations in that Island 
during 1866. 

The object of this paper is to show that two gneissoid series, 
supposed to be the equivalents of the Huronian and Laurentian 
oi Sir W. E. Logan, are exposed over very large areas in Nova 
Scotia, the Island of Cape Breton and in New Brunswick. :|: 

The boundaries of the series have been traced through paits 
of Halifax, Hants and Guysborough counties in Nova Scotia, 
Li New Brunswick J numerous narrow belts extending from the 

* MetallurgistB, especially, will appreciate the suggestive import of the truth, 
presented under the first and third heads ; here onunciatod, as we think, for the 
first time. It is to be noted that all the above effects belong to the maximum kinds 
and, of course, reach their development only under the most favorable conditions 
in each case respectively. 

I Preliminary Report on the Geology of New Brunswick: Fredericton, 1865. 

I In southern New Brunswick Prof Bailey and Mr. Mathew have discovered 
and described rocks of Laurentian and Huronian age. ''Observations on the 
Geology of Southern New Brimswick : " Fredericton, 1866. Also see an able paper 
by Mr. Mathew in the Journal of the Geological Society of London for 1 865. 
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bay of Chaleurs to the boundary line between New Brunswick 
and Maine are supposed to represent the Laurentian and are 
described in my Eeport on New Brunswick, published in 1865 
^p. 42-52). 

Geological maps of Nova Scotia were published by Dr. 
Abraham Gesner in 1886,* by Dr. Dawson in 1865,t and in 
18684 and by Sir William E. Logan in 1865§ and in 1869.| 

Sir William Logan states, in the introduction to his Atlas of 
Maps and Sections, that for the geology of Nova Scotia " a 
manuscript map by Dr. J. W. Dawson, compiled from his own 
resources, and those of Messrs. B. Brown and H. Poole, has 
been the source of information." Hence, in making the necessary 
comparisons between the subject of this paper and the publish^ 
descriptions and maps of Nova Scotia, 1 shall have to refer 
almost exclusivelv to Dr. Dawson's map of 1868, accompanying 
the 2d edition of liis beautiful work on Acadian Geology. 

In a Preliminary Report^f on the supposed Laurentian of 
Nova Scotia, I have quoted some passages from Dr. Dawson's 
work, especially the explanation to the geological map, in which 
the uncertainty of the boundaries of formations, and the doubt- 
ftil age of some strata, is adverted to. The recognition of a 
very large gneissoid area in Nova Scotia, supposed to represent 
two series not hitherto described as occurring in the Province, 
will enable some of the changes in part anticipated by Dr. 
Dawson to be foreshadowed with some degree of accuracy ; and 
it is proper to repeat here Dr. Dawson's first paragraph of the 
" Explanations to the Geological Map " : — ** The map in this 
edition, though greatly improved, is still to be regarded as 
merely a rude approximation to the truth, and the coloring in 
many places, more especially in the interior, remote from the 
coast lines, is little more than conjectural." 

In various parts of "Acadian Geology" reference is made to 
rocks which were suspected by Dr. Dawson to be older than the 
Lower Silurian slates and quartzites. (See particularly page 620, 
Acadian Geology, 2d edition). These will probabfy now be 
classed with the Huronian series ; and the massive porphyroid 
granitt)id gneiss on which they rest, with the Laurentian. 

Dr. Sterry Hunt visited Nova Scotia in November, 1867 " for 
the purpose of making some observations on the gold-bearing 

♦ Remarks on the Geology and Mineralogy of Nova Scotia: by Abraham Geanei; 
Halifax, 1836. 

Acadian Geology, 1 st edition. 

Acadian Geology, 2d edition ; Macmillan k Co., London, 1868. 

Atlas of Maps and Sections; Montreal, Dawson Brothers, 1865. 

Geological Maps of Canada and the adjacent regions, 1869: London, Edward 
Standford. 

\ Preliminary Report on a Gneissoid Series underlying the Gold-bearing Rocks of 
NoTa Scotia, and supposed to be the equivalent of the Laurentian System ; Halifax, 
N. S., January 6, 18T0. 



Harcnian Series in Nova Scaticu 849 

locks of that Province, with the view of comparing them with 
those of other parts of the dominion, and also of obtaining such 
information as might be usefiil in the event of a geological 
survey of Nova Scotia itself" 

Dr. Hunt^s stay in the Province was limited to four weeks in 
the months of November and December, and in the descriptions 
which he has given in his official report to Sir W. E. Logan* 
he quotes the following as the principal sources of information 
about the geology and mineralogy of Nova Scotia : Dr. 
Dawson's Acadian Geology, 1st ed. ; Mr. Poole's Eeport, 1862 ; 
Mr. J. Campbell's Eeports, 1862 and 1863 ; Professor B. Sill- 
man's Eeports on Tangier, Waverley and Montague Gold 
Fields, 1864. 

Allusion is made in the Atlas of Maps and Sections of the 
Greological Survey of Canada to the opinions expressed in my 
Report on New Brunswick that much of the granites of that 
Province consist of altered sedimentary strata. " Much of what 
in Nova Scotia, New Brunswick and Maine, is represented on 
tibe map as intrusive rock (chiefly granite) probabnr consists of 
paleozoic strata altered in situ as already suggested bv Dawson 
and Hind. See the latter's Report on New Brunswick, 1865, 

je 60." (Atlas of Maps and Sections, Geological Survey of 
lanada, 186i5, page 20). 

The remarkable similarity which exists between the rocks 
constituting part of the great gneissoid axis of New Brunswick 
and the gneissoid series now described of Nova Scotia, coupled 
with the equally marked similarity wiiich obtains between the 
paleozoic strata resting on these gneisses in both Provinces (on 
the Nipisiquit in N. B.), satisfies me that they are of the 
same aga 

2. General Sketch of the Distribution of the Huronian and Lauren- 

tian Series in Nova Scotia. 

In this general sketch of the old gneissic rocks of Nova 
Scotia, thev are grouped together. In succeeding paragraphs it 
is stated where the Huronian or Cambrian gneiss and schist rest 
on the old Laurentian meiss as fer as known. 

The outcrop of the Laurentian and Huronian rocks in Hali- 
fex and Hants counties, N. S., has been traced from a point 
seven miles west of Windsor on the Basin of Mines (Bay of 
Fundy) to the Atlantic coast at Cape Sambro, a distance of 
forty-eight miles in an air line, ana sixty-four miles on j the 
margin of the outcrop. This is the northeasterly bounaaiy 
of an immense area of the same rock series which from informa- 
tion hereafter noticed I believe continues with variable breadth 

♦ Report of Dr. T. Sterrj Hunt, r.R.S., on the Gold Region of Nova Sootia : 
Ottawa, 1868. 
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to the Tusket Islanda, near Yannouth, a distance of about one 
hundred and thirty-five miles in an air line. 

The area above described forms the western development of 
the Laurentian and Huronian gneisses and schists in Nova ScotUL 
It is separated fix)m the eastern development by a narrow but 
profound valley occupied by Silurian strata, whose least breadth 
18 eigfit miles. The outcrop of the southwestern boundary of the 
eastern development is not continuous, but embraces two areas 
near Grand and Fletcher's Lakes, and an area of unknown but veiy 
considerable and of variable width, stretching from Parker's Lake, 
with some narrow interruption of Silurian strata which have 
escaped denudation, probaoly all the way to the Strait of Canso 
and Chedabucto Bay, a distance of one hundred and twenty 
miles in an air Une : so that, generally speaking, a Laurentian 
axis, capped here and there by strata of Huronian a^e, occupies 
Nova Scotia, certainly in one place at least forty-eight miles in 
breadth. 

The existence in Nova Scotia of all formations from the Trias 
to the Laurentian, with the exception of the Permian,* may 
now be considered as established. Whether the rocks noticed 
in the foot-note are of Permian or Triassic age I am not able to 
say, but judging from the descriptions ^ven of the relations of 
the Triassic to the Carboniferous by Dr. Dawson, I have hitherto 
considered small unconformable patches in Cape Breton as of 
Triassic age, and regarded them as the continuation of the 
Prince Edward Island series, resting on Lower Carboniferous 
rocks. 

The entire series from the Lower Carboniferous downward, 
with tlie exception of the Devonian, is passed over in a journey 
by rail from Windsor to Halifax, in a distance of fourteen miles. 
The Devonian occurs at Nictau, and rest there on Upper Silurian 
slatesf which probably sweep round the Falmouth mountains 
and connect with the tipper Silurian near Windsor. 

3. Sequence of Formations — The Upper Silurian, 

On the St Croix river, eight miles from Windsor, the Lower 
Carboniferous grits are seen to rest on Upper Silurian argillites. 

* In Cape Breton, at Jumping Brook, seven rafles northeast of Chetican Iskad 
on the Gulf coast, and at Trout I3rook, five miles northeast above Chetican, mottled 
sandstones and conglomerates rent unconformablj on white and mottled sandstones 
and bituminous shales, supposed to bo of Lower Carboniferous age. These latter 
rest unconformably, the first on red mctamorphic rocks, the second are seen in dose 
proxmiity to red, green, and black corrugated schists, supposed to be of Lower Sflurian 
age. In Dr. Dawson's tabular view of the geological formations of the Acadian 
Provinces (page 19, Acad. Greology) the Permian is stated to be " not represented 
unless by the lower part of the sandstones of Prince Edward Island." May not 
the unconformable patches in Cape Breton be a continuation of these Piinoe £dwaid 
Island deposits ? 

f Page 498 Dawson's Acadian Geology, 2d edition. 
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he grits dip K 60^ W. /15^; the argillites S. 70^ E. Z.50°. 
he argillites are generally very fine grained, green internally, 
lit red on weathering ; they are interstratified with thin beds of 
iiartzites, and have a breaath near the railway of 170 chains ; 
leir dip being tolerably uniform, and no repetitions- visible ; 
leir thickness may approach 9,000 feet 

The argillites resemole in every particular ai^lites seen on 
le Tobique in New Brunswick, and there associated with their 
Jcareous beds, holding Favimtea Oothlandica. These are 
jflcribed in my report on New Brunswick.* 

Toward the upper portion of the series the argillites are con- 
►rmably succeeded oy bluish-black slates, holding cubical 
ystals of iron pyrites, and resembling roofing slatea A similar 
lange occurs on the Tobique in New Brunswick. These bluish- 
Ack slates are exposed to a great extent on the Ardoise hill 
nge, N. S. 

4. The Lower Silurian. 

A good exposure of the blue-black Upper Silurian slates is 
sible at the 18th telegraph post south of EUerhouse station on 
le Halifax and Windsor Railway, dipping S. 20® E. ; and at the 
Jth telegraph post brilliant micaceous schists, interstratified 
Lth blacK corrugated slates, dip N. 40° E., the intermediate 
lace being covered with boulder drift. The brilliant micaceous 
hists, as well as the corrugated slates, are much contorted, and 
rerlie conformably the gold-bearing quartzite series. 
The micaceous schists and the corrugated black slates cannot 
i distinguished from similar schists and slates described in my 
ew Brunswick Report as occurring on the Nipisiquit, and 
»r Dumbarton station on the New Brunswick and Canada 
ailroad (pp. 147 and 154) where they are associated with the 
d slates supposed to be tne uppermost member of the Quebec 
x)up of Sir W . E. Logan. The black corrugated slates contain 
•nformable auriferous beds of quartz, but no mining is at 
©sent carried on in these deposits. They are about 8,000 feet 
thickness. 

5. The Oold-hearing Rocks, 

Tlie known gold-bearing rocks of Nova Scotia consist of 
lartzites, sandstones and grits, interstratified with argillaceous 
ites, and thin conformable and intercalated beds of auriferous 
lartz. The portion has an ascertained thickness of 9,000 
et, and, between the base and a vertical thickness of about 
000 feet from the summit, the thin beds of quartz are found 
elding gold, and are worked in diflerent districts in the Prov- 
ce, so that a mass of strata having a thickness of six thousand 

*Page 131. 
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feet, or more than a mile, yields gold from quartz beds of 
contemporaneous age with the quartzites and slates with which 
they are interstratified ; and it is from these quartz beds that the 
greater part of the gold of Nova Scotia is obtained.* The total 
thickness of the gold-bearing scries, including the corrugated 
black slates and the brilliant micaceous schists, is about 12,000 
feet 

6. The Cambrian or Huronian Series. 

In some parts of Nova Scotia the known gold-bearing rocks 
rest unconformably on a gneissoid series, which are well exposed 
to view on the Halifax and Windsor Railwav, between Stillwater 
and Mount Uniacke Station, near the village of Sherbrooke, 
in Guysborough county. This series is composed of beds 
of gncLss, interstratified with micaceous schists, schist con- 
glomerate, beds of true quartzite, and grits. The gneiss is 
sometimes porphyritic, and the upper beds are almost always 
conglomerate, nolding pebbles ana masses of schist, grits, and 
conglomerates, which are found in this series. Some of the 

Sieissic strata are gametiferous, as are also the micaceous strata, 
etween Stillwater and Mount Uniacke stations, the general 
strike of the Lower Silurian is N. 80° K, dip N. ^180**; the 
prevailing strike of the Huronian is S. 60° E., tne railroad track 
running for two or three miles on the strike of these rocka 
Near to their junction with the Huronian, the Silurian schists 
are more altered than when remote, and hold numerous crystals 
of andalusite. This series has been very extensively denuded; 
and in some places Silurian, Huronian and Laurentian are seen 
in close juxtaposition. The thickness at Sherbrooke is about 
1,800 feet. 

When the preliminary report already referred to was in the 
hands of the printer, I satisfied myself by repeated obsen^ations, 
that a very decided unconformability existed between these 
supposed older strata and the gold-bearing series ; also between 
the older strata and the Laurentian ; and I have succeeded in 
discovering in various places : 

1st The unconformable contact of the Lower Silurian gold- 
bearing strata with the underlying gneissoid and schistose series; 

2d. The unconformable contact of this gneissoid and schistose 
series with the old porphyritic gneiss which I had before described 
as Laurentian ; 

3d. The unconformable contact of the gold-bearing series 
with the old Laurentian gneiss, showing the absence of the 
intermediate gneissoid series, or the Huronian. 

These several points of contact are visible at both extremities 
of a patch of Huronian strata about four miles broad, overlying 

* See my report on the Sherbrooke District for a description of the anrifeTOOB 
lodeSj distinguishing between coiitAixv9oi«sieo\i& «xyi inteicalated lodes. 
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lureutian on the Windsor and Halifax railway, com- 
ig one mile or thereabouts southeast of New Stillwater 
, and terminating at Uniacke*s second lake, and more 
Jf a mile west of Mount Uniacke station. 

Laurentian Series. 

rocks last described are visible, as already stated, in 
brmable contact with a coarse porphyroid, granitoid gneiss 
tillwater station. The strike of tne granitoid meiss is N. 
. ; dip W., at an angle of about 48 degrees. Five miles 
• south, and within a third of a mile of Mount Uniacke 
, the Silurian quartzites rest on the Laurentian gneiss— 
artzites having a strike N. 75° W., and the old gneiss N. 
. Between Stillwater and Mount Uniacke, the Huronian 
rests on the old gneiss, and the Silurian on the Huronian ; 
•rth of Stillwater and south of Mount Uniacke the Silurian 
are in contact with Laurentian gneiss, and so continue 
mother patch of Huronian is reached, — this last named 
appearing to cover comparatively small areas in the great 
itian valley between Halifax and Windsor; but in the 
i^estem counties it is exposed, I have reason to believe, to 

considerable extent 

bhe county of Guysborough the gold-bearing rocks at 
rooke rest on the H!uronian, which again is seen close at 
n contact with the old Laurentian gneiss. Li the middle 
istem part of Nova Scotia the thickness of the Huronian 
ot appear to be very considerable, but no complete section 
3t been crossed except at Sherbrooka Between Halifax 
Windsor the Lower Silurian series occupies a great valley 
iclinal fold in the old Laurentian gneiss. The average 
h of the valley is nine miles, and its depth must exceed 
iles. Its general course is northwest (true) ; and the gold 
ts of Mount Uniacke and Hammond's Plams are arranged 
western boundary ; and those of Lawrencetown, Montague, 
rley and Renfrew on the eastern boundary of the valley, 
^g crowns of anticlinals, which have a general northeast- 
rt direction. 

one part of the county of Guysborough, the Laurentian, 
I narrow band (as far as known) of Huronian, forms a 
IS, having an area of about 120 square miles. Around 
ucleus the gold districts of Cochrane's Hill, Sherbrooke, 
Harbor, Isaac's Harbor and County Harbor, are arranged, 
a the crowns of anticlinals, which have a general easterly 
esterly direction. 

J profound Silurian valley between Halifax and Windsor, 
ts the Atlantic portion of Nova Scotia proper into two 
3t geographical areas, in both of which the old porphyroid 

OUB. Sci.— Sbcond BsaiBBf Vol. XLIX, No. 147,— NLilT, lOTi, 
23 
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Laurentian gneiss forms the axis around which the Huronin 
and Silurian series are arranged ; but with respect to the predae 
limits of their formations little is known to the west or to 
the east 

From Dr. Dawson's published maps and descriptions, Mr. 
Poole's manuscript maps of the western part of the peninsuk, 
and the numerous rock specimens collected by that gentleman, 
and placed at my disposal by the Commissioner of Mimi^ 
coupled with valuable mformation derived fix)m other souiceB, 
I infer that this coarse Laurentian gneiss extends in one imbio- 
ken sheet of strata, but of variable width, a distance of ninety 
miles west of Windsor, and occupies a large portion of wt 
xminhabited wilderness in that part of the Province. Much of 
the gneiss, schist and mica slate, seen by Mr. Poole, and described 
in ms Eeport, and illustrated by his specimens, together with 
the gneiss, mica schist, and chforitic oeds alluded to by Dn 
Dawson, and by that geologist long spoken of as probably older 
than the Lower Silurian, are probably representations in many 
instances of the Huronian in tne district where they occur. 

8. Tfie Eozoon Canadense. 

In the autumn of 1868, Dr. Honeyman, then encased on the 
geological survey of Canada, discovered on the Gxuf coast of 
Nova Scotia, in the Arisaig district, and near the base of the 
Antigonish mountains, syenites, diorites, and crystalline lime- 
stone, with serpentine, which he then supposed were of 
Laurentian age, as he informed me subsequently to the publi- 
cation of my Preliminary Eeport on the Nova Scotia Laurentian 
Specimens were sent to Montreal for examination, and instruo- 
tions were given by Dr. Hunt, who also shared Dr. Honeyman^s 
opinion, to the lapidary, to prepare sections of the serpentinons 
rock, for microscopic examination. By some mischance fliis 
was neglected, ana the specimens remained unexamined and 
indeed forgotten, until quite recently, as Dr. Hunt informs mc^ 
under date Feb. 8d, 1870. When submitted to the microecopic 
test, the Eozoon Canadense was distinctly seen, and Dr. Dawson 
has confirmed the observations. 

This fortunate occurrence has a two-fold bearing. It not only 
affords most satisfactory testimony to the existence in Nova 
Scotia of the Laurentian limestones, but it enables geologists to 
recognize the truth of Dr. Honeyman's opinions, alt£ough by an 
accident these opinions were not made known or confirmed until 
after the publication of my Eeport It is with pleasure I take 
advantage of the permission Dr. Hunt has given me in the letter 
above referred to, to use the information respecting the recent 
discovery of the Eozoon in the Antigonish limestones as I may 
think fit ; and I am rejoiced that the publication of my officii 
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Beport announcing the series over a wide extent of countiy has 
lesulted in the just though tardy recognition of the correctness 
of Dr. Hone^^man's views with reference to the age of the lime- 
stones and diorites of Arisaig. 

In other parts of Nova Scotia the Laurentian is yet known 
only in the form of coarse porphyroid gneiss ; but the area 
occupies is a lake and forest wilderness Kequented only by the 
lum^ennan and the hunter. ^ , 

The descriptions riven by Sir W. E. Logan of a similar rock 
in the Laurentian of Canada apply exactly to the characteristic 
strata in Nova Scotia. ^^The coarse-grained granitoid and 
porphyritic varieties, which often form mountain masses, some- 
times have, at first sight but little the aspect of stratified rocks, 
and might be mistaken for intrusive granites."* 

9. Cape Breton IskmcL 

The undoubted recognition of the Laurentian limestones and 
serpentines in the Ansaig district of Nova Scotia is of great 
significance, and an important link in the chain of evidence 
wnich will ultimately establish the correctness of my supposition 
that a great belt of rocks, of the age of the Laurentian series, is 
exposed at short intervals apart fix)m Newfoundland in lati- 
tuae 51** to Shelboume in Nova Scotia, latitude 44°.t 

Li Cape Breton Island I saw in 1866 the black corrugated 
slates forming the summit of the ^old-bearing series in Nova 
Scotia, about five miles north of Gnetican Island on the Gulf 
ooast ; and on the Mackenzie river, near Bed Cape, I crossed 
part of a great gneissoid series. 

In other parts of Cape Breton I have seen similar gneisses as, 
for instance, near the mouth of NortJi river, St Ann^ Bay, and 
on the peninsula opposite Baddeck. 

Dr. Honeyman mforms me that he considers the gold-bearing 
rocks of Middle Biver in Cape Breton to be of the same age as 
those of Nova Scotia. Hence it becomes more than probable 
that a Isase portion of the area colored by Dr. Dawson to 
represent Upper Silurian in the northern part of the Island is 
occupied by rocks of Huronian and Laurentian age. 

Around the outcrops of these rocks, wherever the Lower 
Silurian reposes on either one or the other, we may expect to 
find new workable gold deposits occupying the crowns of anti- 
clinals which intersect the country witn remarkable imiformity. 

Hence we may legitimately anticipate that the correct mapping 
of these ancient rock series may be attended with considerable 
economic advantage to the Province. 

• Page 587, Qeology of Canada, 1863. 

f Page 1 1, Preliminary Beport on a Gneissoid Series in Noya Sootia, bj the author. 
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Art. XXXVIIL — Contributions to Chemistry /rom the Labcraton 

of the Laurrence Scientific School No. 10. — On certain Doim 
Sulphates of the Cerium Qroup ; by Charles BL Wing. 

Some years since Dr. Wolcott Gibbs found that, if to a solu- 
tion of crude ceroso-ceric sulphate, containing also lanthanum 
and didymium, solutions of luteocobaltic or roseocobaltic sul- 
phate be added, crystalline precipitates are formed, even from 
quite dilute solutions, insoluole in an excess of sulphuric acid 
fiiflferent preparations of these have since been analyzed by 
different persons in this laboratory without obtaining rational 
formulas or accordant results. I therefore, at the suggestion of 
Dr. Gibbs, undertook the investigation of these compounds. 

Swedish cerite was first heated to redness then quenched in 
water, after which, it was readily pulverized. The powdered 
mineral was heated with sulphuric acid, with tumefaction and 
solidification of the mass ; thiii was pulverized, more sulphuric 
acid added, and the mixture placea in a crucible, which was 
then set in a deep fdmace and supported by a fire-brick in sudi 
a manner as to be raised above the fire ; it was thus heated by 
reverberation, to low redness, for four or five hours. 

The resulting mass was of a reddish tint and crumbled readily 
to powder ; this was diffused gradually in cold water and the 
solution filtered. The filtrate was precipitated by sulphydric 
acid,* filtered, oxydized by chlorine and precipitated by oxalic 
acid. The resulting oxalates, well washea and dried, served as 
the material for the following work. 

To prepare perfectly pure cerium from these oxalates I used 
the method employee! by C. Wolf. [This Journal, voL xlvi, 
May, 1868.] The oxalates were decomposed by heat with con- 
stant stirring to favor oxydation. The resulting brown powder 
was dissolved in nitric acid; the solution concentrated, and 
precipitated by pouring it into a large quantity of boiling water 
containing 2 c. c. of sulphuric acid to the liter. The super- 
natant liquid had no trace of yellow, but an amethystine tint, 
and was reserved for the preparation of lanthanum and didy- 
mium. 

The basic sulphate thus precipitated was washed by decanta- 
tion with hot water, until the amount of soluble substance that 
remained in the precipitate had been reduced, (after Bunsen) to 
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The precipitate was then dissolved in nitric acid, the solution 
concentrated and precipitated by pouring it into a large quantity 
of boiling water. This precipitate was washed as before, redis- 

♦ This was the process of Marignac, modified by Bunsen and others. 
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solved, again precipitated, and this process repeated till six 
successive precipitations as a basic salt had been effected. The 
final precipitate was dissolved in sulphuric acid, reduced by 
sulphurous acid, the solution evaporated and the excess of acid 
expelled hj heating in, what I shall, for brevity, term a " radi- 
ator." This is a crucible of sheet iron in form like the ordinary 
porcelain crucible, midway in which is fixed a triangle of plati- 
Wi wire by which a smluer crucible maybe supported ^ aa 
to leave a space of about 2 c. m. intervening between the walls 
of the two crucibles. The substance being placed in the inner 
crucible and the heat of a Bunsen gas lamp applied to the outer 
one, a very uniform heat mav be maintamed, variable at will, 
to a temperature considerabfy above the boiling point of sul- 
phuric acid. 

The neutral cerous sulphate thus obtained was dissolved in 
cold water, filtered, and crystallized by slow evaporation on the 
water bath. 

A saturated solution of this salt was placed in a 12-inch sac- 
charometer tube before a powerful spectroscope, and light, con- 
densed by a " bulls eye " lens and transmitted through this tube, 
showed no traces of didymium. 

The cerium also from the mother liquor from the last precipi- 
tation as basic salt, subjected to the same rigid test proved free 
from didymium. 

The first precipitation of basic sulphate was of a dirty buff, 
every succeeding one lighter in color, the last three being al- 
most white. 

The cerous oxalate from both precipitate and mother liquor 
of the last precipitation was of a snowy whiteness, with no trace 
of amethystine tint by reflected light, and gave on ignition a 
white ceroso-ceric oxyd. 

The cerous sulphate, the preparation of which has just been 
described, was, after repeated crystallizations, subjected to analy- 
sis, as followa Portions of the salt dried at 100° C. were heated 
in the " radiator" until a weight was obtained which remained 
constant at an increased temperature. The anhydrous salt dis- 
solved in a considerable amount of water was precipitated, hot, 
by a strong boiling solution of oxalic acid, and allowed to stand 
for twenty-four houra 

For the reduction of the weight of the ceroso-ceric oxyd, ob- 
tained by ignition of the oxalate to the corresponding amount 
of cerous oxyd, the experiments of Jegel* and Wolff- made in 
Bunsen's laboratory, give the following factors, 

Jegel, '9504 -9607 mean -95066 

Wolf, -9507 -9518 -9494 -9509 '9518 mean -95089 

* Annalen d. Chem. u. Phann., cv, 1868. f This Joumal, vol zlvi, Maj, 1868. 
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..... ..... 


4417 


13-24 


1818 


18-318 12-808 


13-80 
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As the mode of preparation was that employed by Wolfi I 
have used the &ctor aeduced from the mean of his analjaeL 

L 1-2886 grms of substance gave -1707 H,0 and -6732 -Ce^Q^zz 

-6400 €ee. 
n. 1-4090 grms. " " " 1857 HgO and ^Sl2€}e^B^=z 

•7009 €ee. 

These results give the following percentages, to which I haTC^ 
for the sake of comparison, appended those obtained by Wolf 
firom his purest cerous sulphata 

L 
€ee 67-28 

Se, 42-72 

equivalent corresponding 45*64 

Taking the mean of these 45 "67 as the true equivalent of ce- 
rium or 91*34 as the atomic weight and the formula 

3(€e,Se4)+5H,e 
we have 

€e 

From the results obtained we can assume the cmum used m 
this investigation to be as pure as any vet prepared. 

The following method was employea in the analysis of these 
compounds. The substance dri^ at 106° C. was heated in the 
" radiator " to decompose the ammonio-cobalt base The resi- 
due was dissolved in a considerable amount of boiling water, 
and precipitated by a hot solution of oxalate of ammonia con- 
taining free oxalic acid. Care must be taken to add so much 
oxalate as shall serve to keep the cobalt in solution as a double 
salt After standing for twelve hours or more, the solution was 
filtered off, the precipitate ignited, and weighed as ceroeo-ceric 
oxyd of a composition as before stated. The blowpipe failed 
to detect cobalt in the ignited precipitate. The filtrate contain- 
ing the cobalt was supersaturated with anmionia and precipi- 
tated by sulphydric acid at a boiling heat The precipitate 
dried, roasted in a porcelain crucible, converted into sulphate 
in the crucible by means of aqua-r^a and a few drops of sul- 
phuric acid, was heated in the '* radiator " until sulphuric acid 
fumes ceased to be evolved, afterwards over the naked flame, for 
a few moments, to low redness. The crucible was then allowed 
to cool, a single drop of aqua-regia and one of sulphuric add 
addei.1, again heated as before and finally weighed ; care was ta- 
ken to guard against absorption of moisture, while weighing, 
which the anhydrous salt is very prone to, and in no case did 
the sulphate, on subsequent treatment with water leave an in- 
soluble residue. 
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In order to test tlte accuracy of weighing cobalt as sulphate, 
, method of determination employed and recommended by 
Kbbs and Gtenth,* some analyses were made of purpureo-cobaltic 
hlorid, an anhydrous salt of perfectljr definite composition and 
»ne easily obtamed in a state of purity. This salt, dried over 
ulphuric acid, was weighed in a porcelain crucible, sulphuric 
cid added and the cobalt converted into anhydrous sulphate by 
leating as abova 

L IL 

Substance taken '0005 -4041 
^oSe^ obtained -6673 -2498 
Percentage €oSe4 61-90 61-81 

Gibbs and Genth obtained as a mean of four analyses of this 
alt 61-90 per cent of -GoSO^. 

Taking the atomic weight of cobalt as 59* which number is 
udicated by these analyses, we have as the percentage of cobalt 
uund — 



ILL rv. 


V. 


1-2840 1-0478 


1-0413 


•7625 -6497 


-6443 


61-80 62-01 


61-89 


Mean 


61-88 



L 


n. 


Tir. 


VL 


V. 


Mean 


Calculated. 


28-56 


23-53 


23-53 


23-60 


23*56 


23-556 


23-56 



From the above it appears that this method for detelnnination 
f cobalt is all that could be desired. 

In determining the sulphuric acid in the substance a portion 
ras digested, on the water oath, with a little strong hydrochloric 
cid for a snort time, then dissolved in water and precipitated 
»y acetate of baryta, with addition of chlorid of ammomimi, at 
. boiling heat, and allowed to stand for twelve hours or more 
lefore filtering. 

The total amount of hydrogen was determined by combus- 
Lon of the substance mixed with chromate of lead, placing in 
he anterior portion of the tube, first oxyd of copper, then me- 
allic copper W from hydrogen. 

The following preliminary experiments were made. To an 
cid solution of crude ceroso-ceric sulphate was added a solu- 
ion of luteo-cobaltic sulphate in excess. To the solution fil- 
ered from the resulting precipitate, permanganate solution was 
dded when a further precipitation of cerium ensued. This 
eemed to indicate the compound formed to be a eerie salt 

The filtrate fi'om this last precipitate showed powerful didy- 
lium bands. (I think as many as thirteen bands were made 
ut, certainly eleven) and was proved free from cerium by 
Jibbs' test,t with peroxyd of lead 

^ " Researches on the ammonia-cobalt bases. '^ Smithsonian Contributions to 
jiowledge, 1856. 
f This Journal, toL xxxvi. 
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The precipitates, being found to contain didymium, were con- 
verted into sulphate, oxydized by boiling with peroxyd of lead 
and again precipitated by luteo-cobaltic sulphate. This last pre- 
cipitate was also found to contain traces or didymium. 

Weighed quantities of crude ceroso-ceric oxyd were con- 
verted mto smphate, luteo-cobaltic sulphate and potassic perman- 
fanate added, and the yellow precipitates collected on weighed 
Iters and, after weighing, converted into ceroso-ceric oxyd. 

L '5638 grms. substance gave 2*0396 grms. of yellow salt, yield- 
ing '4780 grms. ceroso-ceric oxyd. 

II. '6960 grms. substance gave 2*3670 grms. of yellow salt, yield- 
ing *5940 grms. ceroso-ceric oxyd. 

The filtrates were free from cerium. 

In original substance. In jellow salt 

I. n. L DL 

Per cent of €83 e^ 84*78 86-36 23-44 26*09 

It appears from this, that the yellow salt, formed in this man- 
ner, cannot be relied upon, as possessing a uniform constitution. 

A quantity of pure ceroso-ceric sulphate was precipitated by 
adding a slightly acid solution of luteo-cobaltic sulphate ; the 
precipitate was washed with hot water. The washings were 
slightly colored to the end, indicating partial decomposition of 
of the salt The precipitate on drying adhered to the filter and 
was of a rather paie yellow color. 

III. 2*1176 grins substance gave -6640 €030^ and -4405 CorrO^ 
1*2726 " 



(( 


" 1-4036 


BaSe^ 
Ratio. 


so. 


46*43 


9466 


€e 


21 66 


4717 


€0 


7*92 


2685 



This analysis leads to no rational formula. 

A new preparation of this salt was made from a somewhat 
acid solution of pure ceroso-ceric sulphate and washed with hot 
water containing acetic acid. The precipitate was of a deeper 
color than the preceding and did not adnere so strongly to the 
filter. 

IV. 1-8616 grms. substance gave '4060 -GejO^ and*6050 CoSO^ 

Ratio. 

€e 17*66 3862 
€0 10-33 3501 

Another preparation made from nearly neutral ceroso-ceric 
sulphate was 01 much paler color, and adhered more strongly to 
the filter, than any previously made : this was not analyzed. 

The above results led to the belief that the salt was contami- 
nated with basic eerie sulphate. 
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A highly acid solution of pure ceroso-ceric sulphate was then 
heated and precipitated by a hot saturated acid solution of 
luteo-cobaltic sulphate. A bright yellow highly crystalline 
precipitate was formed, which was slightly wash«i with cold 
water, and which did not adhere to the filter on drying. 

This precipitate when viewed under the microscope appeared 
as cleanly crystallized hexagonal prisms, of uniform size, and 
without admixture of other forms. Three preparations were, 
in this manner, made, which resembled one another in color and 
general character and which were separately analyzed. 

V. 1'0346 grms. substance gave 2100 -Ge.O^ and -2935 -GoSO^ 

1-0240 " " " 1-2876 BaSe^ 

1-7660 " " " -6670 H,e 

VL 1-0076 « « « -2150 ^CgO^ " -2840 eoSe^ 

1-1665 " " " 1-4680 BaSe^ 

1-1646 " " « -3690 H,e 

Vn. 1-1330 " " " -2455 €630. " -3108€aSe4 

10017 " " " 1-2696 Ba SO. 

1-3368 " " " -4148 HjO 

These results lead to the simple formula 

12 NH,€o,3SO^+€e, sSe^+H.O 

This compound is of interest as being a purely eerie salt It 
endures a temperature of 150° C. without decomposition. 

€e 
€0 
NH, 



H,^ 



V. 


VL 


VTT. 


Oalciilated. 


61-80 


61-83 


52-22 


6242 


16-90 


17-27 


17-54 


16-63 


10-80 


10-74 


10-44 


10-74 


18-66 


18-56 


18-05 


18-67 


2-47 


2-21 


2-39 


1-64 



100-63 100-61 100-64 100-00 



We now pass to the consideration of the corresponding cerous 
salt, which I found could be prepared by heating a nearly 
neutral solution of cerous sulphate and adding a hot con- 
centrated solution of luteo-cobaltic sulphate so long as the 
supernatant liquid remained colorless. A yellow precipitate 
was formed, a little paler in color than the eerie salt, but 
showing to all appearances the same crystalline form. I regret 
much that I have, as yet, been unable to obtain crystals of such 
dimensions as would allow me to decide the question of iso- 
morphism by actual measurement I can at present only say, 
that the two substances cannot be distinguished from one another 
under the microscope. 

VnL 1 -0240 grms. substance gave -3060 ^e.O^ and •2505-eo&O4 
-8500 " " " -9858 Ba&e^ 

•9688 " " " -2660 H,e 
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The formula indicated is 12NH,€o,89e4+8(€e9e4)+H,e. 





VIII. 


Oalculatod. 


SO A 


47-77 


48-40 


€e 


24-10 


23-04 


€o 


9-81 


0-91 


NH, 


16-10 


17-14 


H,e 


2-07 


1-61 



99-85 lOO'OO 

I succeeded also in forming the analogous salt of lanthannTn. 

To a concentrated solution* of the sulphate, luteo-cobaltic sul- 
phate was added, and the solution heated. The precipitate of a 
Duff yellow color showed under the microscope crystals appa- 
rently of the hexi^onal system with the edges so roundea as 
almost to conceal the hexagonal form. 

IX. 1-0648 grms. substance gave -3085 fcaO and -2495 doSO^ 
•7862 " " " -9072 BaSe^ 

-8918 " «* •* -2452 H,e 

Assuming the atomic weight of this lanthanum to be 94, the 
probable formula is 12NH3€oa3Se4-|-3(IjaSe4)-fH,e. 

IX. Calculated. 



fcy(J^ 


47-58 


48-08 


i^ 


24-76 


23-54 


€o 


8-92 


9-85 


NH, 

H,e 


15-42 


17-03 


3-01 


1-50 



99-69 100-00 

Unsuccessful attempts were made to form double phosphates 
and chromates of cerium and luteo-cobalt 

Cerium was found to form with roseo-cobaltic sulphate com- 
pounds analogous to those formed with luteo-cobaltic sulphate. 
They are, however, easily decomposed by water, so much so, 
that an attempt was made to convert the eerie Mdt into basic 
eerie sulphate, by prolonged washing with hot water, with 
partial success. 

X was formed by adding, to an excess of hot strongly acid 
solution of roseo-cobaltic sulphate, a solution of ceroso-ceric sul- 
phate ; this yielded a crystalline orange-brown precipitate which 

* This solution contained also didymium and was obtained fh>m the mother 
water of the first precipitation of basic sulphate before described, b j " Watt's ** 
process of boiling the ignited oxyd with florid of ammonium. This process 
afibrds a ready and satisfactory means of preparing a solution of lanthanum and 
didymium free from cerium, but has faUed in my hands to remove all didymium 
fh>m the cerium, even after the oxyds, prepared in various ways and ignited at dif- 
ferent temperatures, had been boiled for hours, the solution of chlorid of ammo- 
nium being from time to time renewed, the residual ozyd o<mverted into oxalate, 
ignited and again treated as before. 
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was Blightly washed with cold water. The configuration of the 
orystals could not be well made out, but was apparently one of 
the complex forms of the regular system. 

XI was formed by adding the roseo-cobalt solution to an ex- 
cess of the cerium solution. The crystals formed were similar 
to X but larger. 

X 1'0661 grms. substance gave '2396 gr.^/e^O^ and *2908 OoSO^ 

1-3270 *' «« " 1-6026 Ba&O^ 

1-2716 " " « -3910 H,e 

XL 1-9660 « «« « -4702 €6.0^ and -4960 €oSe^ 

1-8938 «« « *« 2-2970 BaSO^ 

2-0620 ** «* " -6087 HjO 

These results lead to the formula: lONH^^o^ sSO^+ee^SSO^ 
+6H3e. 

X. XL Calculated. 

90^ 49-78 49-97 60-66 

€e 18-18 19-36 16-08 

€o 10-89 9-60 10-89 

NH. 14-96 18-88 U-96 

7-00 7-31 7-91 



U^4 



100-26 100-07 100-00 

With cerous sulphate a homogeneous crystallization of the 
precipitate could be obtained only by adding the cerium solu- 
tion to a large excess of roseo-cobaltic sulphate. The crys- 
tals under the microscope appeared in form like those of the 
eerie salt ; and the remarks in regard to the isomorphism of the 
two luteo salts apply also to the roseo salt though with less 
force, insomuch as the appearance of the crystals is not so 
characteristic. 

The analyses show the eerie and cerous salts to contain the 
same numller of atoms of water which is in accordance with the 
supposition of isomorphism. 

Xn. 1-8118 grms. substance gave -4700 €630^ and -4713 O0&O4 
1-1236 " " '* 1-2877 fiaSO^ 

1-6696 " " " -4880 1120 

Which seems to indicate the formula: lONH^COg SSO^ + 
3(€eSej+6H,e. 

SOj 
€e 
•Go 
NH, 

H,e 

9914 100-00 

I did not succeed in forming an analogous salt of lantbanom. 



XI. 


Calculated. 


47-23 


46-90 


20-99 


22-31 


9-90 


9-61 


14-27 


13-85 


6-76 


7-33 



864 



J. C. Draper on a new AspiraJkjr. 



It appears that the propjortional amount of cerium, in all die 
compounds discussed, varies, within certain limits according to 
the mode of preparation : which is well shown by a companson 
of the results X, XI, XIL This is as we might expect m com- 
pounds, the nature of which precludes the possibility of purifi- 
cation, either by recrystallization or by thorough washing. 

The roseo-ceric salt appears to contain some admixture of the 
cerous salt 

The sulphuric acid found is no doubt a little low, as the 
filtrate, after standing a week or more, deposited a slight addi- 
tional precipitate of baric sulphate to the amount of 05 per 
cent* 

The variations are, it seems to me, not so great as to cast 
doubt upon the correctness of the formulas deuced. 

In conclusion, my best thanks are due to my kind teacher 
and friend, Dr. Wolcott Gibbs, to whom I am indebted for 
many and valuable suggestions, and also for the material used 
in this investigation. 

Lawrence Soientific School^ Cambridge, Jan. 16, 18*70. 



Art. XXXIX. — On a new Aspirator; by John C. Drafeb. 

I SEND herewith a description of an apparatus that answers 
adinirably as an aspirator when it is desired to submit a large 
amount of atmospheric air to examination. 

It consists of a ^. 

tin boiler (a) for 
the generation of 
steam ; to this a 
bent tul>e, J inch 
bore (ft) termina- 
ting in a pointed 
extremity, or jet, 
is attaolied. The 
tubo {f*\ ]>asscs air- 
tight through a 
CH>rk v«'^ into a sec- 
ond tubo {d\ about 
ono inoh in diame- 
tor also drawn 
dvnvn to a jot as at 
\\i\ in the ticure- 

Tho two tuK^ form an arrangement somewhat like an ordi- 
nary v^xvhydnwn blow-pipeL^Through the cork (c) a thin 

• CV«&pai% U«n««M, Asm. d. ObMa. «. Fhaim^ Ixnii, SIS. 
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tabe («), i inch bore, passes and terminates in the upper part of 
the fladc (g) after perforating the cork (/). In the fiasK, any 
suitable test liquid, as lime-water, is placed A tube (h) ^ inch 
in diameter, fireely opened at both ends, is then passed through 
the oork (/) to give the air access to the bottom of the flask 
when the apparatus is in operation. 

The method of action is as follows : heat bein^ applied to the 
boiler (a), a strong jet of steam issues through {d), when if the 
tubes (6) and (d) are properly adiusted, a powerful draught is 
established through {e\ which draws air rapidly through (A). 
I have in this manner arawn air at the rate of a gallon a second 
through a column of lime-water eight inches in height 

By attaching an ordinary gas suction to this apparatus, the 
air could be measured and passed through an extensive system 
of flasks or tubes containing suitable re-agents for the determi- 
nation of minute traces of various ingredients. 

OoDege of the dtj of New York, Jan. Uth, 1870. 



Art. XL. — On two pecidtar products in the Nickel manufacture; 

by Joseph Wharton. 



Seven years a^o, when I was about to commence operations 
at Gap Nickel mine and famace, I noticed among the mi^ients 
left bv my predecessors a piece of nickel matte which con- 
tainea occasional plates apparently of a metallic substance, tough, 
pliable, and elastic ; these plates were about as thick as fine 
writing paper, from Vt in. to i in. wide and about twice as long. 
No chemical examination of them was made except a slight 
qualitative examination showing the presence of nickel, iron, 
and copper. 

Having on several occasions subsequently noticed some ten- 
dency to a similar appearance in the matte, I gave directions 
that, when it should next be observed, a close examination 
should be made, after the extinction of the furnace producing 
the peculiar matte, of the solid mass which always remains in 
the Dottom of the furnace.* 

This solid mass consists in part of lumps of ore, flux, and 
fuel of the first charge, which reached the hearth imperfectly 
melted or consumed and so remained, and in part of accietions 
from the thoroughly fused matte which, as the furnace worked, 
formed a pool over and enclosing those lumps. 

^ It should be explained that the f\imaoe8 in question are small upright blast 
ftiniaoes, in which ihe ores of Gap Mine (Nicolliferous Pjrrhotite with 2 per cent 
Nl and Co), previouslj roasted, are smelted for the first time, the product being a 
matte oontaioing about 12 per cent Ni and Co, with about 4 per cent Cu. 
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The cavities of such a mass seemed to me &vorable for the 
production of crystals when a tendency to crystallize existed. 

Last midsummer very interesting groups of crystals were in 
&ct found upon breaking up one oi these masses to fit it £»: 
remelting ; they were so small, however, that, except for search 
being made in consequence of the matte of that fiimace having 
exhibited the plates above named, the crystals would probably 
not have attracted attention. 

Some of these crystals are cubical, with a bright metallic 
luster, the groups closely resembling miniature geodes of ga- 
lena ; others are minute octahedrons, arranged in spiculsB, and 
in dendritic or plumy forms, resembling the fern-like aggregft* 
tions of zinc crystals which I sometimes found in the prolongs 
of my spelter romaces at Bethlehem, Fa. Specimens of boui 
cubes an^ octahedrons are forwarded with this^per. 

These crystals are very tough, and are highly magnetic. A 
spicula of the octahedrons can be bent many times withont 
breaking, and one which was floated upon water, after being 
lifted a few times by a mamet, pointed stead&stly to the north, 
and showed attraction and repulsion to the poles of a magnet 
just as a steel magnetic needle would under like circumstancesi 

A specimen of the octahedral crystals, and a specimen of the 
granular or almost crystalline solid matter to which they were 
attached, were submitted for analysis to the chemist of my 
establishment with the following results : — 

CrjstaU. Granular. 

Ou 1-86 0466 1-74 0-438 

NiandCo 26-22 6-837 28-20 7*640 

Fe 64-10 86-622 62-50 85-861 



8-90 43-926 7-60 48-939 



100-07 1 : 4-93 100-04 1 : 578 

The subordinate column in each case shows the quantity of S 
which would be requisite to form, with the metals found, the 
compounds Cu,S, Ni, and Co^ FeS ; tiie ratio, below it, is that 
of the S found to that thus calculated 

If we conceive the copper to exist as CujS, we then have 
89*82 parts Fe, Xi, and Co in combination with 8-43 parts S: 
taking then the average atomic weight of the metals according 
to the prvyortions found, as 56-85, the atomic ratio of the 
metals u> that of the sulphur is as 81-4 to 5*27, oorresponding 
verv closely to the formula R^ 

should "the copper be included in the average, we eet the 
fi^uies R 82-00 b 5-56, indicating, though leaa aocurat^y, the 
same formula. 
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n. 

Desiring last year to make, in a gramilated form^ an alloy 
consisting of f nickel, \ copper, I caused a mixture of the 
oxyds of those metals in the due proportions to be heated in 
closed crucibles with charcoal in a olast fiimace ; by this means 
reduction and fusion resulted, and the fiised alloy was poured 
into water at a high white heat 

Among the granulated metal were found large numbers of 
hollow spheroids varying in size from peas to large chestnuts, 
many of them imperfect and torn, but many of them tolerably 
regular in shape, one side bein^ usually bright and smooth, 
while the other was rough and pimpled. 

As, upon crushing these with a hammer, the anvil was moist- 
ened, I examined a considerable number of them and found 
that they were nearly full of water, so that the water distinctly 
rattled within them when shaken, and showed itself in quantitv 
when the larger spheroids were carefully broken. Fluid metal, 
poured white hot into water, had formed metallic bulbs filled 
with water. 

For several days I carried some of these bidbs in my pocket, 
occasionally rattUng the water in them, before the manner of 
their formation occurred to me. My first idea — ^that drops of 
metal fidlinff upon the water were flattened by the blow, and 
that the ec^es then instantly clasped together and became 
welded, enclosing water within their grasp — ^was obviously un- 
tenable, for the eye could detect no seam or crevice, and be- 
sides, how could water exist as a liauid shut in by walls of 
this refractory alloy at a welding heat? Apple dumplings are 
formed in a manner somewhat similar to that, but these bulbs 
were not so formed. 

The true solution is doubtless this : The metal when poured 
was in a state of ebullition, was giving off gas ; not probably 
metallic vapor, but perhaps carbonic oxyd. 

The separate globules into which the thin stream divided 
upon entering the water, were each emitting gas when contact 
with the water produced ^on their surfisu^es an impervious film 
of solid or pastv metal The continued evolution of gas in the 
fluid interior of such globules could have then no otner effect 
than to distend the gl(H)ule into a bulb, whose upper side might 
well be pimpled by the effort of tiny gas bubbles in the pasty 
shell to escape upward, while similar tiny bubbles working up- 
ward in the crust of the under side would reach the interior 
cavity, thus leaving the lower surface smooth and bright 

Multitudes of incipient globules were of course torn and dis- 
torted by reason of the internal gas finding a vent, and of 
course any which were rent must necessarily be filled by the 
water in which they were plunged. Those however in which 
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the eye found no aperture were doubtless filled, after the cold- 
ness of the external water had so contracted the heat-rarified 
ffas as to produce an approximate vacuum within the b\ilb, by 
the slow imbibing of water through minute pores to supply that 
vacuum. That such pores existed was shown by the fact of 
the bulbs all in time losing their water by exposure to a dessi- 
eating atmosphera 

Not all tne pots of metal produced when poured, such 
globules, for not all were in the fit state of ebullition. 

The nature of the disengaged gas might perhaps have bem 
determined, if a sufficient quantity had been collected by break- 
ing the globules under a receiver, but this was not done. I 
send specimens of the globules with this paper. 

Philadelphia, March, 1870. 



Art. XLL — On the action of sunlight on Sulphurous Acid; by 
O. LoKW, Assistant in the College of the City of New York. 

(Read before the " Lyceum of Natural Science,** New York.) 

We know that plants under the influence of the sunlight re- 
duce ciirbonic acid and water to organic compounds, and organ- 
ized parts ; we know further, that tne albuminous principles, as 
well as some ethereal vegetable oils, contain sulphur which 
doubtless comes fix>ni the sulphates contained in the soil. As 
n\tranls this reduction of sulphuric acid, it seemed to me of 
interest to ascertain whether sunlight possesses any reducing 
power ui>on the oxygen compounds of sulphur out of the 
tissues ol the plant For this purpose I exposed diluted sul- 
phuric acid, solutions of sulphates and sulpihites and aqueous 
sulphurous acid under various conditions, in sealed tubes to 
the sunlight during the last summer. 

It was only with the sulphurous acid that any change was 
notio^nl. Tlio tubes containing this substance remained clear 
during tun mont/is, but after that time a disturbance set in 
which slowly increased, and sulphur was deposited in a finely 
divivli\l state* 

The sulphurous acid was thus gradually reduced to sulphur, 
but the oxygon was not liberated, another part of the acid hav- 
ing Ihvu oxvdizovl by it to sulphuric acid. It seems very sin- 
gular that a sj\aoe of two months elapsed before any change was 
obsorvisl ; it apjx^rs that the absorption of a great amoimt of 
liijht was novvssjiTT for the separation of the first atom of sul- 
j^liur. whioh was tollowed then by more atoms in much shorter 
intorvals ot timt\ 

Now \\>rk, IVotmlMir, IW9. 
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A.BT. XLIL — On the formation of Ozone by rapid combustion; 
by O. LoEW, Assistant in the Chemical Department of the 
CJoUege of the City of New York 

(Bead before the " Lyceom of Natural Sdence/' New Yoik). 

AccoBDiKO to the view of Schonbein, every slow oxydation 
IB accompanied by formation of ozone, common oxygen not 
being able to combine directly with the elementa In 1858 
Clausius advanced the hypothesis that ozone is oxygen in the 
state of free atoms, while common oxygen consists of a molecule 
of two combined atoms. But the later investigations of Andrews 
and Toit, Babo and Soret upon the volume of ozone have not 
supported this notion, and Clausius has modified his hypothesis 
accordingly, now believing that ozone is a combination between 
an atom and a moleciUe of oxygen. This combination is but a 
loose one, and the power of oxydation resides in the third atom 
erf oxygen, which combines directly with other substances, leav- 
ing common oxygen behind. This constitution of ozone may 
be represented by the following formula : 

8([00])=2([00]0) 

The oxydation of a metal by ozone is shown by the 
equation ([00]0)+M=Me+([00]). 

When we now take into consideration that ozone and antozone 
together give common oxvgen, we must conclude that antozone 
is oxygen in the state of nrSe atoms. Furthermore we see that 
dominon oxygen can be converted according to circumstances 
aiiher into ozone or antozona It seemed to me that in every 
combustion even the most rapid and energetic, an intermediate 
iecomposition of the molecule of common oxygen must take 
place II the single atoms will enter into combination with the 
elements, and that ozone or antozone would be detected in a 
flame if the high temperature would not destroy it again as 
quickly as it is formed. 

To prove this conclusion, I blew a strong current of air 
ihrougn a tube into the flame of a Bunsen^s burner and collected 
the air in a beaker glass or balloon. I was thus able in a few 
seconds to collect enough ozone to readily identify it by its 
intense odor and by the common tests. 

This observation shows that not only in slow oxydation but 
also in rapid combustion, an intermediate formation of ozone 
takes place,* and that it can be separated in the proper way. 

New York, December, 1869. 

^ Oompare the obsenration of Pinous in the artide on Nitrification, this Journal, 
n, ToL ii, p. 238.— Eixs. 
Am. Jous. Sol— Sbconb Sbbdss, Vol. XLIX, No. 147.— ILlt, 1870. 
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Abt. XLTTL — ContrHmtions to Zoology from the Mu8€um y 
Tale College. No. 7. — Descriptions of New OoroJs ; by A. & 
Yeksill. 

Madreporabix. 
Heieropsammia geminata, sp. noy. Figaie L 

CoiallTim completely encrusting and enclosing a small, d 

univalve shell, which had been occu 

1- by a wonn (probably Sijmnculiui) by w! 

a small circular opening was maintainel 
Base of various irr^ular forms, accordiiig 
to the form of the shell encrusted. Qap 
at first simple, slightly raised; it voy 
early becomes elongated and finally dh 
yides by fissiparity, so as to form two equal and similar o(X^ 
allites, which are sometimes well separate and divei^gent, bat 
more frequently closely contiguous. These coralliteB are bat 
little elevated, becoming smaller toward the cup, which ii 
circular, oval, or more or less irregular, and not very deqi 
Septa in five cycles, the last cycle more or less imperfect or 
wanting in some of the systems. The primary and secondaiy 
septa are narrow, much tnickened and spouCT outwardly, a litr 
tie projecting; the septa of the fourth cycle are narrow and 
thin, outwardly joining those of the first and second, opposite 
the inner edges of the latter joined toffether in pairs, the inner 
and basal portion becoming broader before joining the coin- 
mella, whicn is moderately developed and fine spongy. The 
coral has an open vermicular and quite porous texture, more 
compact beneatn. In all the specimens there are several small 
holes, like pin-holes, near the base of the corallites, often fom- 
ing a nearly complete circle around the base, which are, perhaps, 
made by parasites. 

The base of the largest specimen is "65 long; -50 broad; '45 
high ; corallites '12 high ; "35 broad ; depth of cell "12 of an 
inch. Burmah, — W. fl. Dall. 

Of this species there are eighteen specimens of various sizes. 
It is remarlcable as the second living species of this curious 
genus, and still more so as famishing another instance of fisi- 
parity in the family of Eupsammidxz^ — ^a feature not hitherto 
recognized as normal in any genus except Lobopsammia of the 
Eocena Doubtless the other species divide in the same way, 
for H, Mtchelinii E. and H. is described as having the cup shaped 
like the figure 8, which is the form in this species just before 
dividing. H. Michelinii appears to dififer not only m dividing 
less freely, but in its smaller cup and a diflferent arrangement of 
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septa, those of the three first cycles being described as about 
leI, while in ff. geminata those of the third cycle are very 
%1L The columella in the latter appears to be much less de- 
oped.* 

DesmophyUum simplex, sp. nov. Figure 2. 

!3orallum elongated, slender, turbinate above, rapidly enlarg- 

: to the edge oi the cup ; lower half of column ^ 

ooth and round, upper part, toward the cup, 

newhat angular with twelve thin, sharp, crest- 

B costse, which become much elevated near the 

omit ; sur&ce finely granulous. Cup distinctly 

ipilar, usually somewhat hexagonal, deep, very 

sn, with a thin walL Septa in three cycles ; 

Nse of the third cycle very small, thin, very 

TOW, and but little elevated ; those of the first and second 

ladly rounded at sunmiit and a little excurved, perpendicu- 

within, thin, the surfaces finely granulated, the primaries 
isiderably the largest Six coratlites grow up togetner in an 
sgular cluster, several of these uniting tc^ether at basa The 
gest is '80 of an inch high ; 12 in diameter at middle ; the 
> "88 ; primary septa '14 broad ; height above edge of cup 

of an incL 
3t Thomas, West Indies, — Mrs. R H. Bishop. 

Hetebozoanthus, gen. nov. 

?olyps creeping on the surface of sponges, etc., by thin, basal, 
lon-nke expansions of the base, firom which the polyps arise 
linear seriea The polyps are short, capable of contracting 
urly to a level with tne basal membrana Tentacles few, 12 
24. Int^ument stiffened by foreign bodies imbedded in the 
D, such as sponge-spicula, etc. 

besides the following, this genus appears to include several 
.er known species: S Swiftii {Oemmaria Swiftii D. and M.) 
parasitic upon a sponge in the West Indies; H. AxineUce 
lunidt sp) on two species of AoctneUa, Adriatic Sea. 

HeferozoanthiLS scandenSj sp. nov. 

Polyps small and low, connected by a narrow basal mem- 
me, which is a little wider than their bases and creeps over 
I is partially imbedded in the surface of a branching sponee, 
ng to the tips of all the branches, some of which are eight 
hes long, and forming irregular reticulations over the surface, 
tugh at times ascending for two inches or more with a linear 
ies of polyps; rarely with double series. The polyps are near 

Bi etqtdammidea (Gray sp.) ftx>m Chinas may be nearer this if distinct from 
fonner, to which Edwards and Haime refer it 
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together, seMom more than tbeir own diamei 
in contact; in contraction tber rise but lit 
membrane in the form of low, fattened warts 
at summit from which radiate 12 to 15 su 
lamelite 12. Integument finn, filled throu 

S'istening, white spicula, probablv derived 
iaracter of contracted polyps -O^ to '10 ; 
breadth of ba<ial membrane about '10 of an 
Sherbro Island, Weat Africa,— Prof A. H 

Alctonaria. 

Teleato A/ricana, sp. nov. Pigi 

Corallum forming a cluster of long, rather 

tubular stalka connected by a creeping hai 

2 to 4 inches long, with eight longitudinal r 

Tlic polyps are arranged irregularly alonf 

brancnca and main stalka, mostly at distam 

an inch apart, sometimes opposite, and in coi 

inent, tubular, and placed ooliquely, sulcated 

Color when dried yellowish white, Diame 

■08 ; of polyp-tubes -06 ; length of polyp-tul 

inch when contracted. 

The walls of the stalks and branches consi 

rudely, irr^nla 

■ branched and bj 

various forms (h 

closely interlace 

species of the g 

of long, very slei 

apinulose, often 1 

aoundant (lig. S, 

The stouter i 

measure ■252™'" 

•060, -192 by OJ 

spicula 'oSS by 

■4o6 bv 066, -4 

■036. -408 by ■0- 

Sherbro L, on 

gran ulosa , — Pro 

This species i 

Jrutiailofa Dan 

coasts, and, like 

»T»>si(\l bv a mrasiiio sponge But it is a i 

.">'>•; !:;o !ipu-u:.-\ wv \ir.irier and more attenui 

." .V.;,«r; v.. of Si Thomas (Clavuiaria . 
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arlj allied. T, trickostemma Y. (Dana sp.) and T. awran- 
amz. have stouter and more warty spicula. 

Murieea granulosa, sp. nov. Figure 4 
llam rather slender, somewhat fan-shaped, branching 
lane; branches and branchlets irregularly sub-pinnate; 
lets slender, -b to l"o inches long. VemicBB small, 
d, prominent, somewhat nariform, opening upward, the 
lip rounded, not prolonged. Ccenenchjma grfmulous 
nail, stout spicula. Color, when dried, dull yefiowish or 
I brown. Height 6 inches ; breadth 4 ; diameter of trunk 

branchlets -06 to -08; of verrucffl -03; height of verruese 
an inch 

spicula (fig. 4) are yellowish white and quite small fbr 

ras ; the larger ones are elongated, often curved, coarsely 

ughly waited, stout spindles, 

ig to acute ends ; short, stout, 

y warted, irregularly oblong 

. with obtuse ends; and various 

rtout, rough, club-shaped forms, 

are often as broad as long, with 

X)ugb warts or spinules on the 

end With these are various 

orms of irrapilar spicula, with 

smaller, rather slender, more 

■, distantly and more evenly 

spindles. 

larger rough spindles measure "ftiS"" by 'ISS™ '604 by 
be oblong spicula -408 by 144, -896 by ieS, 312 by -108, 
J -108, -264 by 156, -216 by -096; the larger clubs -896 
J, -336 by -144, -288 by 132, -276 by -120, -264 by -084, 
r -108, -180 by -072 ; the largest of the slender apindles 
T -096, -444 by -072, -386 by -072. 
bro Island, — -Prof A. Huro. 

species is remarkable for the small size and roughness of 
Bula and the form of the verrucse. Its branches are also 
lender than in most species, 

icea vatrvMsa Kdlliker {Qorgonia vairiooea TaL) from the 
s Archipelago is the only African species recorded pre- 
'. Of that we have received authentic spicula through 
illiker, from the original specimen. The spicula of M. 
■a are much coarser and the corresponding forma are 
wice as large ; some of the laiger spinaies measure ■840°™ 
)™, -780 by -240, '744 by -204 ; oblong spicula -696 by 
56 by -192 ; clubs -660 by -156, -456 by "ISO ; the slender 
a "720 by -108. The lower lip is auo swd to be pro- 

in Ijie form of a small horn. 
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Lqptogorgia robusta sp. nov. 

Corallum consists of several stout principal branches aririug 
f]X)m near the broadly expanded base; these main brancMB 
fork at irregular distances, and the secondary branches are ins- 
ularly pinnate, with branchlets mostly alternate on oppoeitc 
sides^ and ^o to 1*5 inches apart The branchlets are curved at 
base, then ascend at an angle of about 45® ; they are rarely cc*- 
lescent, stout, rigid, obtuse, 1 to 3 inches long, a little wan- 
pressed, with a broad band of polyp-cells on each side, with 
narrow, depressed, sterile median bands, often with a distinct 
groove. The polyp-cells are numerous, close, rather large, 
oblong or oval, usually at the summit of large, low, rounded 
vemicw, sometimes scarcely raised ; they form about 4 to 6 
irregular alternating vertical rows on each side of the branch- 
lets and 8 to 12 on the main branches, and are usually sepan- 
te^l by distances about equal to their own diameter. Ccenen- 
chyma moderately thick, finely granulous. Axis stout, round 
or a little compressed, nearly smooth and brownish black in 
the lanrer branches, the axils flattened ; in the branchlets firm 
and rigid, tapering, dark reddish brown, slightly translucent; 
base thick, spreading, yellowish wood-brown. 

Color of ccenenchyma dull dark yellow, tinged with purplish 
bn>wn on the vemicaes. Height 12 inches : breadth 5 ; diam^ 
ler of main branches -22 to -25: of axis 12 to -15 ; diameter of 
lenuinal branchlets "13 to *16: of their axis at base -04 to "05; 
diameter of verruoie tH to t>5 ; height "01 to OS ; diameter of 
ct\'< -02 to t^ of an inch. 

The spicula arv small, bright vellow, intermingled with a few 
mort^ s'.ondor ones that are bright purple: the latter mostly 
co:no :ro:n the vemic;i?. Most of the yellow spicula are acute 
doulve->;v:i,ilos, reiTviIariy tiijvring to each end, with three or four 
woV. >o;v\r.iu>l wh-'^rl? of wans on each half; some shorter and 
5to",;:or ^>r.n> vxx^ur, with more crowded warts and obtuse ends. 
Tho t^ ir.^'o st^ioula art? inv>?tly slender. acute> sparingly warted 
spi:^;!tv atti vioub'e-spiniles. Small rounded, closely warted 
dv^';V'->hT?tvls vvvur sivirinely. 

The I;4rvrv?r ve'Iow Xxibie-Viv.ndles measure "216™™ bv "O??"", 
-*>* bv -iV^^ •!>•.> bv T>72, -l^S bv i>*.\ -163 bv -066, -156 bv 
tH>: ":ht- iv^r^.e si^iov/.a -216 bv t^36. ^04: bv 1)18, "192 by 
i\v\ IS.;, t^v \>24/l.=>6 by \>3.V 144 by -036." 

S :r*'r^ Is'.Av.i. — Pro:. A. H'jLr.l Two specimens attached to 
th-: <■-:'' v-*:' iir. .^v>tor. with L. <>tiri'jiiinc'!enta V. 

. :.:> >ynv:os 5vr.^twhf>t r\^t»:nb!os in mo-ie of growth and gen- 
or,.' t :vv.rA::.v L -/.-." ij V. t^^m the Gulf of "California, etc, 
r :: .,;> I v-::: >to*.:ter VrAr.oh..^ Tne spicula and verruo;e are 
vo-.- -. V.^;:.:. T::o vvlor c*:' L rK7i'ii is alm':>st alwavs uniform 
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Leptogorgia dichotoma^ sp. noy. 

Coralluin taU, slender, sparingly dichotomously branched. 
Fhe trunk divides at about three inches fix)m the base into two 
iiain branches ; these fork at about 1 and at 2*5 inches, and part 
>f the secondary branches divide again at about three inches 
Bpom their origin, but others remain undivided for 6 or 8 inches. 
Fhe branches and branchlets are long, rather slender, slightly 
Capering, obtuse, flexuous, spreading at base, compressed or 
xmiewhjAt quadrangular, witn a narrow sterile band on each 
dde, and broad lateral bands of crowded polyp-cella The cells 
ire rather large, oval, mostly raised on low, rounded, rather 
lazse, often crowded verrucae, sometimes flat Ccenenchyma 
nraerately thick. Axis round, dark brown in the larger 
immches, light yellowish and setaceous in the terminal branch- 
lets. Color bright lemon-yellow, the cells mostly surrounded 
by purplish. 

Heignt 15 inches ; breadth 4 ; diameter of main branches *15 ; 
Aieir axis 09 ; diameter of branchlets *11 to 18 ; their axis at 
t>ase "05, in middle "02 to OS ; diameter of verrucsB 03 to "O^ ; 
lidght -01 to -02. 

The spicula aro yellow, with some more slender purple ones, 
18 in the preceding species, but the average size is nearly twice 
IB great The most common forms are long, yery acute, double- 
ipindles, with four or five loose whorls of rough warts on each 
3nd ; others aro shorter and stouter, with moro crowded whorls 
rf warts. Some of the purple spicula are regular double-spin- 
Jles, like those first described, but others, from the polyps, are 
dander spinulose spindles ; some of the double-spindles are half 
purple and half yellow. 

The larger double-spindles measure '264™™ by 060, "252 by 
072, -252 by O60, -240 by 066, -228 by 084, -228 by O60, -228 
yj 054, -216 by 072, -216 by O60, -204 by 072, -204 by O60, 
192 by 078 ; the purple polyp-spindles -228 by 024, 186 by 
080, 180 bjr 018, 168 by O30, 156 by OSO, 144 by 015. 

Sherbro Island, — Prof A. Hurd. 

The new species herein described from the west coast of 
Africa are of peculiar interest, both as furnishing additional 
jvidence of the richness of that little explored region in Gorgo- 
lacea, and as showing peculiar relations to the faunse of me 
iVest Indies and Pacific coasts of America They were col- 
ected by Mr. D. W. Burton, missionary, for the museum of 
Lnox College, and sent to me for examination by Professor 
lurd. 
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Abt. XTiTY. — Contributions to Chemistry' frofn the LaboraU^rytf 
the Lawrence Scientific School Na 11 ; by WoLCOTT GlBBS» 
M.D., Rumford Professor in Harvard University. 

I. On a eimple method of avoiding obeervations of temperatwt 

and pressure in gas analyses.* 

In absolute determinations of nitrogen and other rases, accu- 
rate observations of temperature and pressure are, in the ordi- 
nary methods of analysis, necessary, and when made require 
subsequent calculations which, when the analyses are numer- 
ous, become rather tedious. By the following simple method 
these observations may be altogether dispensed with, and the 
true weight or the reduced volume of the observed gas obtained 
at once by a single arithmetical operation. The volume of anj 
s at the temperature 0° C. and pressure 760 may be deduced 
m its volume at the temperature t and pressure^ by the fionil- 
lar expression : 

V -V - ^'^''^" .,. 

«" * 1+0-00367^ 760 ^^' 

in which h is the observed height of the barometer (reduced to 
0® C), A' the tension of the vapor of water at <® when the gas is 
moist and A" the height of the column of mercury in the col- 
lecting tube above the level of the mercury in the cistern. For 
any other gas under precisely the same circumstances of temper- 
ature and pressure we have the equation : 

V - V ^ h-h'^h" 

«"■ ^ l4-0-00367f 760 ^ ' 

Whonco dividing the first equation by the second we have: 

^0 '^ 1 

or as a projK>rtion V, : V^^ : : V^^ : V'^, (4) 

frv>m which it appears that the reduced volume (voL at 0** and 
7tUV^'^ of the second gas may be found without observations of 
tomivniturt^ and pressure, provided th t the unreduced volume 
Iv ot^iior>'cd under the same circumstances of temperature and 
prt^ssurv as the volume of the first gas, the reduced volume of 
which has boon previouslv determined. Let the first or stand- 
an! gHS W air : then if tfie weight of one cubic centimeter of 
drv air at 0^ and 7t>0"" be w the whole weight will be «?V> 
In Uko manner wo shall have for the weight of the gas to be 
mcasurtxi ^\V\v and since the weights do not change with the 
tcmjvraturv and press^uro, we have finally : 

I i wc^ w^ ^\\^\x>« xhat the gas in the first tube, or standard 
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gas is, for example, nitrogen, the volume remaining the same, 
and that the gas to be measured is also nitrogen, we have 

or simply Y ^lY' \\ w^Y ^\V3^Y\. (6) 

The application of this formula in practice is as follows : A 
graduated tube holding about 150 cubic centimeters is filled 
with mercury and inverted into a mercury trough. Two thirds 
or three fourths of the mercury are then displaced by air, care 
being taken to allow the walls of the tube to be slightly moist, 
so as to saturate the air. This tube may be called tue compan- 
ion tube ; the volume of air which it contains must be carefully 
determined in the usual manner by five or six separate observa- 
tions, taking into account, of course, all the circumstances of 
temperature and pressure. The mean of the reduced volumes 
is tnen to be found, and forms the constant quantity Vq. The 
^as to be measured is transferred from the receiver in which it 
IS collected, into a (moist) eudiometer tube, which is then sus- 
pended by the side of the companion tube, and in the same 
trough or cistern. Both tubes being supported by cords pass- 
ing over puUies, it is easy to bring the level of the mercury in 
the two tubes to an exact coincidence. The pressure on the gas 
is then the same in each tuba The temperature is also the 
same as the tubes hang side by side in the room set apart for 
gas analyses, and are equally affected by any thermonietric 
change. It is then only necessary to read off the volumes of the 
gas in the two tubes to nave all the data necessary for calculating 
9ie weight of the gas to be measured. This calculation may be 
effected in two ways, each of which will be found of use. Thus 
proportion (4) reads in words : as the observed volume of the 
air in the companion tube is to the observed volume of the gas 
in the measuring tube, so is the reduced volume of the air in the 
first — ^previously determined as above — ^to the reduced volume 
of the gas to be measured. This method of course applies to 
the reduction of any gaseous mixture whatever to the normal 
pressure and temperatura In absolute nitrogen determina- 
tions, however, proportion (5) gives the weight of the nitrogen 
measured at once, since the term w iVq is found by multiplying 
the weight of 1 c.c of nitrogen at 0° and 760™" by the reduced 
volume of air in the companion tube, and is a constant which 
can be used as long as the companion tube lasts. In j^ractice, a 
companion tube filled with mercury will last with a little care 
for a very long time. Even when filled with water I have 
found that excellent results may be obtained, and that the tube 
will last for some weeks. Williamson and Eussell, in their 
processes for gas analysis, have employed a companion tube for 
orin^ng a gas to be measured to a constant pressure, but the 
application made above is, I believe, wholly Hiei^, 
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2. On the appliecUion of SprengePs mercurial pump in analym. 

The first application of Sprengerspiiinp 
in analysis is unquestionably due to Frank- 
land, who, in a paper on the analysis of 
potable waters, describes an advanta^iu 
form of the apparatus, together with a 
method of detennining with it small quan- 
tities of nitrogen. Frankland'a paper came 
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into my hands after I had myself made a 
similar application of the pump, and had 
executed several organic analyses by its 
aid. As the instrument has now been 
nearly two years in use in my Laboratoiy, 
I will here give the results of my experi- 
enca The pump I use differs in several pa^ 
ticulars from that of Frankland. Repeat- 
ed fractures of the glass soon showed the 
necessity of making the tube as flexible as 
possible. I therefore introduced into the 
vertical or descent tube, three joints, and 
substituted a T tube of iron for the glass 
T, which I at first employed. The nori- 
zontal branch of the pump is connected 
directly with the combustion tube by 
means of a good stopper of vulcanized 
rubber previously wet and force^l into 
the tube as tightly as possible. The an- 
nexed wood cut will give a correct idea 
of the whole apparatus, and for any one 
familiar with tlic principle of the pump, 
will need no explanation. The joints a 
and h are made of good \'Tilcanized nib- 
ber tightly wound with iron wire. Round 
each of tTiese is placed a larger tube of 
vulcanized rubber tied above and below 
and filled with mercury. The ends of the 
iron T tube A are protected in a similar 
manner, the glass tube being cemented 
into the iron. The lower joint c is more 
simple,"and has no exterior tube. It con- 



Of^ Ae cgapKcaiion of Spren^a Mercurial Pump. 879 

sists of thick vulcanized rubber covered on the outside with a 
varnish, suggested to me by Pro£ Crafbs, and consisting of a 
mixture ofpitch, gutta percha and wax melted together. A 
strong steel screw clamp k serves to regulate the flow of the 
mercury in the pump tube, the diameter of which is about 1^ 
millimeters. T^e mercury reservoir M consists simply of a 
large ereen glass bottle, with the bottom cut off, inverted and 
provided with a good stopper of vulcanized rubber, through 
which the upper part of the pump tube passes. 

The use of this apparatus m absolute determinations of nitro- 
gen is as follows : The substance to be analyzed is mixed in a 
rather short combustion tube with chromate of lead and a small 
proportion, five or six grams, of chromate of suboxyd of mer- 
cuiT. The anterior portion of the tube is then nearlv filled 
with freshly reduced, finely divided metallic copper, in front of 
which a few grams of carbonate of manganese is placed. Th e con- 
nection with the pump being made, the apparatus is first tested 
by running the pump for a lew minutes and allowing the whole 
to stand for a short time, to see if the level of the mercury in 
the pump tube remains unchanged. The combustion tube is 
then to be completely pumped out — ^an operation which requires 
from five to ten mmutes only — after which the carbonate of 
manganese is to be cautiously neated until a sufficient quantity 
of carbonic acid is evolved to completely fill the apparatus and 
restore the equilibrium of pressure within and witnout The 
combustion is then conducted in the usual manner, care being 
taken to keep the column of metallic copper at a fall red heat, 
and to proceed slowly. When the combustion is finished, the 
pump is again set in operation until a perfect vacuum is ob- 
tained. The receiver which I employ for collecting the gas, is 
that of Simpson. It is first filled with mercury ; afterwards 
about fifty cubic centimeters of a solution of caustic potash, of 
density 1-2, are introduced to absorb the carbonic acid. The 
nitrogen is then to be transferred to a eudiometer tube and 
measured. The following analyses will serve to show the degree 
of accuracy attainable by this process : 

0'1380 gr. crystallized asparagin gave 21*98 o.c. nitrogen (moist) at 

1 3**-75 and 759*6™"'= 1 8-69 per cent. The formula requires 1 8*66 

per cent. 
0'2910gr. sodic stryphnate gavel26'86 c.c. nitrogen at 18** C. and 

659"""=36-28 per cent, nitrogen. The formula Na(€^ir2H502) 

+H3O requires 36*26 per cent. 
0*8593 gr. potassic oxalurate gave 116 c.c. nitrogen at 6**25 C. and 

762*7'"" =16*60 per cent. The formula K^jOjNaO^ requires 

16*47 per cent. 
0-6730 gr. allantoin gave 189 c.c. nitrogen at — 1°C. and 761*6"" 

=35*40 percent. The formula C^H^N^O^ requires 36*40 [)er 

cent. 
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In working with SprengeFs pump in the manner indicated, 
many observations of practical value have been obtained. In 
the first place it has been clearly shown that the products of 
combustion executed in vacuo frequently differ in a remarkable 
manner from those conducted under ordinary atmospheric pres- 
sure. Thus ammonic nitrate at common pressures is decom- 
posed by heat with simple resolution into nitrous oxyd and 
water, feut in the nearly perfect vacuum produced by the mer- 
curial pump, the reaction is entirely different, very large quan- 
tities of red nitrous or hyponitric vapors being evolved. In 
like manner Mr. Sharpies has observed that cupric oxalate, 
which is usually decomposed by heat into carbonic acid and 
metallic copper, in vacuo always yields more or less carbonic 
oxyd. Gunpowder bums slowly and without explosion in 
vacuo — an observation which, however, is bj no means new— 
but gun cotton explodes as violently as in air. 

In my first experiments, in which I attempted to collect nitro- 
gen by conducting the analysis without previously filling the 
apparatus with carbonic acid, I almost invariably K>und that a 
considerable quantity of oxyd of nitrogen — chiefly NO — was 
mixed with the nitrogen collected. In addition it was extremely 
difficult to bring the analysis to a successful termination, be- 
cause the pressure of the atmosphere often compressed the ante- 
rior portion of the combustion tube into a solid mass. I at fint 
used cupric oxalate to furnish the required carbonic acid, but 
this was soon rejected for tlie reason given above, and I fell back 
upon magnesite or manganous carbonate. When the first suc- 
cessful experiments in determining nitrogen had been made, I 
was sanguine of being able to determine both nitrogen and car- 
bonic acid in an organic body by a single analysis in which 
the gases should be collected and measured together, the car- 
bonic acid being afterwards absorbed by potasL In this, how- 
ever, I failed entirely on account of the compression of the 
combustion tube alluded to above, when the combustion is 
made in vacuo. I also attempted to absorb the carbonic acid 
by means of a tube filled with soda lime, as recommended by 
Mulder, but without success, the absorption being always in- 
complete. 

Mr. Sharpies has been more successful in determining nitro- 
gen and hydrogen by a single analysis. By placing a weighed 
chlorid of* calcium tube in front of the combustion tube, he 
has found it possible to determine the water formed in the com- 
bustion directly by weight, and at the same time to collect the 
nitrogen with all requisite accuracy. In this manner 1*3285 gr. 
of asj)aragin gave 0'8028 gr. water=6'71 per cent hydrogen and 
222-75 C.C. nitrogen at 15°-5 C. and 7S4°*°^=18-66 per cent The 



A. W. Wrighi (m Ae discharge of ihe Eketrical Machine. 881 

formula requires 18*66 per cent nitrogen and 6*66 per cent 
hydrogen. 

It can hardly be doubted that further improvements in the 
process will render it possible to determine in a single analysis, 
carbon, hydrogen and nitrogen with greater facility and accu- 
racy than nitrogen alone can be determined by the olaer methods. 
In conclusion I may state that the Sprengel pump may be ap- 
plied with great advantage to the determination of the amount 
of gas given oflF fix)m various substances by the simple applica- 
tion of heat 



Art. XLV. — On a peculiar form of the discha rge between the 
Poles of the Electrical Machine; by Arthur W. Wright, 
Prof, of Physics and Chemistry in Williams College. 

When the Holtz electrical machine is working at a high ten- 
sion, but without the condenser, if the distance between the 
poles be gradually increased, the discharge successively varies 
nrom the ordinarv spark of an inch or two in length to a dif- 
fuse, much brancned, and feebly luminous spark, which under 
high tension may attain a length of several inches, though it 
gives but a slight detonation. If the interpolar space be still 
further widened, either the discharge becomes finally silent, or, 
more commonly, one or more small jets or brushes issue from 
the negative pole, with a hissing or fizzing sound, if the discharge 
is very energetic. When this is the case the positive pole is 
cover«i with a diffuse glow, resembling that of a phosphores- 
cent substance, or rather, go thin is the luminous stratum, the 
pole appears as if it were illuminated by a light shining from 
the direction of the opposite pole. The polar interval, under 
which the glow appears to best advantage, varies somewhat 
with the condition of the atmosphere, but, with the machine 
used in these experiments (a Holtz machine with 20-inch re- 
volving disk), extends from three or four to seven or eight 
inches, depending also to a certain degree upon the tension of 
the machina 

If now the finger or some other object be interposed between 
the poles, the glow is interrupted, and a silhouette of the object 
is formed upon the brass ball, which strongly resembles the 
shadow cast by the body when placed in a beam of luminous 
rays, moving as the body moves, expanding and contracting as 
the distance varies, and tiie like. So striking is the resemblance 
of this appearance, which may be called an elxirical shadow, to 
a real shadow, that I had many times noticed it casually, when 
using the machine in a dimly lighted room, without suspecting 
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that it was not actually a shadow due to light reflected fixnn 
objects in the room upon the ball, and it was only when the ex- 
periments were mode in a room completely darkened that its 
different character became clearly apparent 

The experiment succeeds best when the air is not too humid, 
and a single jet issues quietly from the negative With a litde 
care and tdter a few trials the shadows can 1^ obtained with great 
distinctness and remarkable regularity. It is better in genend 
to use for the interposed body some non-conducting substance, 
or an imperfect conductor, like paper, or wood, as when metaDio 
objects are used they become electrified by induction, and dis- 
turb the regularity of the phenomena, or, when the tension is 
very high, cause the passage of diflFuse sparks and brushes. With 
proper care, however, good results can be got with metals, 
though usually for much smaller polar interval thazi with poor 
conductors. 

In order to ascertain with how great accuracy of detail the 
figures are formed, a piece of wire gauze was used, the meshes 
oi which were about 2*5™™*, and the wires forming them about 
1"™- in diameter. The poles being separated about four and a 
half or five inches, the shadows were formed with striking dis- 
tinctness, even where the gauze was two inches distant fiom the 
positive pole, growing smaller and smaller as it receded. Eveiy 
peculiarity of the texture was faithfully represented, the irregu- 
larities of the wires, breaks in the gauze, and the like, being ac- 
curately reproduced, and moving with the gauze, just as in the 
case of true optical shadows. With a piece of still finer wire- 
doth, the meslies of which were about 1-3™™-, similar results 
were obtained, the distances, however, being smaller than in the 
previous case. When the gauze was an inch or an inch and a 
naif from the positive, the meshes in the shadow were seen with 
some difficulty on account of the feeble illumination, but still 
appeared quite well formed and regular. Their size could not 
readUy be ascertained by measurement, but they were estimated 
at from one-third to one-half a millimeter in diameter. 

More interesting and varied results were obtained with a gra- 
ting made of common writing paper by cutting out square ap- 
ertures about 3™™* in diameter, and the same distance apart 
The piece used contained twenty-five such apertures, arranged 
in the form of a square with five on a side. Shadows of great 
sharpness and accuracy were obtained with ease even when the 
poles were seven or eight inches apart As the paper was 
moved toward the positive side they grew smaller, and again 
enlarged as it approached the neeative, becoming, however, 
somewhat indistinct when nearer the latter. When the na- 
tive jet and the center of the grating were in the line joining tne 
two poles, the images were formed symmetrically about the ver- 
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tez of the poaitiTe pola The comer apertures in this case be- 
ing more distant from the axis, had their images somewhat dis- 
torted, so that the sides of the square were represented by lines 
curved in such a way as to make the angles at the comers acute, 
just as it would happen if the square should be stretched in the 
direction of its diagonab. 

Very frequently, in feet usually, the jet does not issue from 
the rertex of the negative, but is displaced to the one side or 
the other. In such cases tJie ^low is also displaced in a similar 
manner, that is, so that its axis is inclined at an equal angle to 
the line between the poles with that of the negative jet If the 
nating is placed before the latter, and perpendicular to it, the 
BJiadows are still formed as before, though not in general quite 

as perfectly. Thus if placed ^^ ... 

at a, as in the cut, the image v* 

appears at 6. On moving it / ..- - ...^ \ 

away from the pole to a posi- / /.. — •"--*? \ 

tion represented by a the im- r^<:i'. ---^■- /^ 

a^ still appears at t, but is . " M::v/.::;/ /.::;::::j:;.::.v:;\ + , 

lai]^, and so on at a\ or |^C'*^iV *' -"".".'.••"/ ;, 

until it is brought within an •. n^' ^-'' / 

inch or two of the n^ativa \/ *" "^\ / 

In this wav the lines traversed /^*^ 

by the dectricity, or along 
wnich it acts, may be readily 
traced, and they are found to have a conformation similar in 
some respects to that of tiie voltaic arc, but far more regular 
and symmetrical In their general character they are represented 
by the dotted lines in the cut Issuing normally fix>m some 
point of one of the poles, a line passes in a curve to the homol- 
ogous point on the other pjole, where also it meets the surface 
nomoLally. When the jet is not far from perpendicular to the 
line of tne polee^ the curve may have an amphtude of nearly or 
quite half tne distance between the latter, even when these are 
eight inches, or more, apart 

An interesting case occurs when the negative discharge takes 
the form of a ring. The glow likewise assumes the form of a 
narrow and sharply defined ring, whose size and position of 
course depend upon those of the other ring. The approach of 
any intercepting or disturbing body either breaks or bends the 
luminous line, and this afiforos, perhaps, the best means of de- 
termining the form of the curves between the poles, as the lim- 
its where the disturbance bemns are pretty definitely marked, 
and their position can be readily determined by measurements. 
Ati easy way to secure a steady and well-denned ring, is to 
place upon the n^ative pole, first removing the ball, a common 
Dottie cork an incn or two in diameter, well shaped and care- 
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fully smoothed, with the larger face towards the positive pole, 
and perpendicular to the polar axi& On putting the machine 
in action, the electricity issues from the sharp edge of the cork 
in the form of a regular and steady fringe-liKe nng, the radial 
elements of which stand at a nearly constant angle with the 
axi& A beautifully distinct ring is thus formed upon the op- 
posite pola 

Comparing the forms of the curves indicated by the above 
experiments with the ordinary sparks and brushes, or even with 
the voltaic arc, a striking difference in respect to symmetry and 
constancy is observed ; and the distinctness and beauty of some 
of the phenomena are very remarkable, especially when it is 
considered how lawless and irr^ular the ordinary spark and 
brush discharges are as to form. The glow, like the brush, is 
obviously caused by the discharge of electricity at the positive 
pole, and apparently a discharge from one pole to the other takes 
place, silently ana without luminous effect, through or by 
means of the intervening air. But that the lines along whicn 
it takes place should be so constant and regular is somewhat 
surprising. It is to be observed that the perfection of the re- 
sults depends to a considerable degree upon the condition of 
the air, as when this is too moist, the discharge is not suffi- 
ciently energetic, or the resistance is not sufficiently great, to 
bring out the glow, or to form the images with distinctness. 

Williamstown, Mass., April 5, 18*70. 



Art. XL VI. — Movement of the Dome of the Capitol at Wash- 
ington, during the gale oj December 10-12, 1869. From a let- 
ter to the editors. 

We all know, by having seen the thing itself, or representa- 
tions of it, the form of the dome of the capitol at Washington. 
It is of cast and wrought iron througliout Its architectural 
beauty is only equaled by the truly wonderful combinations of 
its multitudinous parts. Had it been erected at any other time 
than during the late war, when men's views were absorbed in 
watching the vicissitudes of the contest, it would have attracted 
the eager attention of hundreds of scientific observers, who 
would have noticed, with the deepest interest, the ingenuity and 
skill with which all the exigencies of the structure were provi- 
ded for, until a rail road, built, as it were, in the skies, was used 
to place the statue on the summit 

The exterior diameter of the dome, where the iron work rests, 

as it were, on the roof of the building, is somewhere about one 

hundred and thirty-seven feet ; and the height, from the Tx>of to 

the feet of the statue about two hundred — ^the statue is betweei 

nineteen and twenty {ee\.\dg)[i. 
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The distinguished architect, Mr. Thomas M. Walter, sup- 
posed naturally enough, that this enormous amount of iron 
would be more or less aflected by the action of the sun^s rays — 
causing an expansion, to meet which he had been making, 
throughout his protracted labors, all possible provision. To 
ascertain what this effect would be, he suspended a wire from the 
center of the ceiling of the Tholus, or crowning cupola, under the 
feet of the statua At the extremity of this wire nearest the 
ground, or pavement of the rotunda, he arranged a delicate 
mechanism, that carried a pencil, whose point rested on a sheet 
of pap^, on which it was expected that expansion and contrac- 
tion would record their effecta It was Mr. Walter's expectation, 
probably, that, as the sun moved from the east to the west, some- 
thing or a umform curve would be traced by the pencil's point 
upon the paper, furnishing, in that way, data that might oe as 
useful as they would be original 
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It happened, however, that the wind, and not the sun made 
use of Mr. Walter's preparations, and recorded its vagaries, 
through the agency of the vast mass of the doma One would 
have thouffht, looking to the breadth of the base, and the form 
of the architecture aoove it, that the dome would remain un- 
raovable against any action of the wind This was not so, how- 
ever ; and the diagram above shows what a gusty day was capa- 
ble of effecting, in giving motion to the mass. Beginning at 
A, and following the lines, it can be seen when the wind blew 
fitfully but moderately, and then, when a blast of unusual vio- 
lence occurred ; and when, too, the direction was changed, as 
the wind veered round the points of the compass. That chim- 
neys and shot towers wave m the wind is well known ; but the 
movements that take place in rough weather in the dome of the 
capitol could hardly have been reasonably expected. 

The diagram above is a tracing carefully made from the work 
done bj the pencil on the occasion now Tefext^ Vi. \** 

Am. Joub. Hol-Smoond Series, VoL.XLIX,lSo.l4a.— l!lUi>\«». 
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L PHYSICS AND CHEMISTRY. 

1. On the heat of combination of boron with chlorine and OQaf- 
gen, — ^Tboost and Hautefeuille have commmiicated to the Acad- 
emy of Sciences a memoir on the heat of combustion of boron, a 
subiect which we believe has not hitherto received attention but 
which the rapidljr increasing importance of thermo-chemistry 
invests with great mterest. Ihe authors emploved in their inve*- 

aations the muffle calorimeter of Favre. tjTj chlorine was 
Dwed to act upon amorphous boron placed in the muffle, the 
chlorid of boron formed being condensed in the water of the calo* 
rimeter. The heat measured was thus the sum of the heat of com- 
bustion proper and of the heat evolved in the combination or double 
decomposition of the chlorid with water. The heat due to the last 
mentioned reaction was then determined by a special experiment 
In this manner the authors obtained as a mean of 6 experiments 
104000 units of heat developed in the combination of one atom 
of boron with three atoms of chlorine, and 79200 units of heat 
disengaged by the reaction of one atom of boric chlorid, BCL, 
with 140 times its weight of water. From the heat developed m 
the last case the authors deduced the heat of combination of boron 
and oxygen by subtracting first the heat due to the formation of 
three equivalents of cblorhydric acid as determined by Favre, and 
secondly the heat produced by dissolving an equivalent quantitf 
of boric acid in an equal weight of chlorbydric acid of the same 
degree of dilution, as determined by direct experiment. In this 
manner the heat of combustion of boron in oxygen was found to 
be 168600 units for one equivalent (old style) of boron. The 
boron employed was in the amorphous modification ; the authors 
promise similar determinations for the other forms of this element 
— Comptea HendtiSy Ixx, 185. w. a 

2. On the heat of combination of silicon toith chlorine and cosy- 
gen. — ^The same authors in a second communication have given a 
determination of the heat of combustion of silicon with chlorine 
and oxygen. To effect the union of chlorine with amorphous siB- 
con it was found necessary to mix the silicon with -^V ^^ i^s weight 
of boron, the heat of combination of which was of course suh- 
tracted. The mode of experimenting and the corrections were 
the same as in the case of boron described above. It was found 
that one equivalent of chlorid of silicon acting upon 140 times its 
weight of water disengages 40826 units of heat and that one 
gram of silicon in burning in chlorine evolves 5630 units, which 
amounts to 78820 units for one equivalent (Si=14), or to 118230 
units for one equivalent (Si=i21). By a process exactly analogous 
to that employed in the case of boron tne authors found for the 
heat of combination of silicon and oxygen 7830 units per gram, 
which amounts to 109620 units per equivalent (81=14) or 164430 
units for Si=21. In addition the heat of transformation of amor 

Shous into crystalline silicon was determined by dissolving the 
ifferent varieties of silicon in nitro-fluohydric acid and thus obtain- 
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ing the difference in the qoantities of heat disengaged by their 
oxydation. In this manner it was found that amorphous silicon 
in Decoming crystalline evolves 290 units of heat per gram, or 4060 
per equivalent (8i=14). — Campies JRendua, Ixx, 252. w. g. 

3. On some remarkcMe spectra of compounds ofUrconium and 
the oxyds ofttraninm, — Mr. Bobby has found that the remarkable 
absorption bands exhibited by certain specimens of zircon and 
which he had attributed to the presence of a new metal — Jargo- 
niom — are in reality due to uranium, which, under certain circum- 
stances, gives bands of a very remarkable character wholly unlike 
those yielded by the ordinary salts of the metal Thus the salts 
of uranium usually exhibit a variable but small number of mode- 
rately broad absorption bands at the bhte end of the spectrum, 
while the zircons exhibit numerous narrow black lines, fourteen 
of which are quite distinct, together with other fainter lines and a 
broad black band extending n*om the red end, so that nearly all 
occur in that part of the spectrum which is entirely free from bands 
in the other uranic compounds. Mr. Sorby has detected in some 
zircons erbium, didymium, yttrium and another substance which 
exists in such small quantity that the author has not been able to 
decide whether it is a new earth or not. In fact the spectral anal- 
ysis in this case fails to give any decisive evidence, since some 
other known oxyd may give with zirconia a spectrum as abnormal 
as that produced by the presence of a trace of uranium. There is 
therefore at present no evidence that zircons contain any new 
metallic oxyd. — Chemical Neu)s^ Feb, 18, 1870. w. o. 

4. On the dissociation of ammoniacal compounds. — ^In investi- 
ating the dissociation of ammoniacal compounds Isambbrt has 
ound that the tension of the ammonia evolved is constant at a 
given temperature and increases progressively with it The author 
obtains the anhydrous ammonia-su^hates of zinc, cadmium, <&c., 
by passing a current of ammonia for several hours over the salt, 
which swells up, becomes hot and falls to powder. The ammonia- 
salphates of zinc and cadmium thus formed correspond respectively 
to the formulas ZuSe^-j-lONH^ and ^dSO^+^NH,. In like 
manner calcic and strontic chlonds unite with ammonia to form 
daCl, + 8NH3 and ftrCl, +6NH3 ; hot boric chlorid does not unite 
with ammonia. By heating the compound formed in vacuo, the 
tension of the ammonia may be measured. Cadmic sulphate gave 
the following results, care being taken after each experiment to 
expel the gas which fills the apparatus : 

Temperaturea. Tonsions. 

48°-6 368™"» 

61*-6 439™°» 

100" (mean of 6) 1366-3"'™ 

The salt remaining in the tube consisted of €JdS04+2NH3 and 
gave off no more ammonia at 100°. The author infers that the 
cadmic salt should be regarded as (■GdS042NII 3)4X1X3 and finally 
that the pulverulent compounds formed always absorb a little am.- 
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moDia mechanically, so that the tensions do not become constant 
until only the combined gas remains. The general resnlts of this 
investigation agree with those which the author had previouslj 
obtained with the ammonia-chlorids. Lamy has based the con8tnl^ 
tion of a new thermometer upon the tension of the ammonia 
evolved in heating the ammonia-chlorids and especially that of cal- 
cium. Between 0° and 46^ the tension increases from 120 to 1431 
millimeters, and will therefore give an extremely delicate measore 
of increments of temperatura — Comptes Rendua^ Ixx, p. 466 and 
p. 303. w. 6. 

b. Ona new method for the eyntheeis of organic acide. — Beb- 
THSLOT has found that the hydrocarbons of the acetylene series 
are capable in the presence of alkalies of uniting directly with 
water, oxygen and the alkaline base to form acetic acid and its 
homologues. Thus in the case of acetic acid we have, 

■G2H2 "f"0-f-H20:^€/2H^ O j^. 

Acetylene may be converted with acetic acid more completely bj 
means of pure chromic acid, the action of which, according to Be^ 
thelot, is different from that of a mixture of potassic bichromate 
and sulphuric acid, and much more moderate. Thus chromic add 
converts ethylene into aldehyd, propylene into acetone and canh 
phene into camphor, which reactions are not effected by sulphoric 
acid and the bichromate which act too powerfully. Pure chromic 
acid acts on the carburets at ordinary temperatures and its actiiHi 
mav be increased by heat or moderated by dilution. Allylene 
under the same circumstances of oxydation yields propionic add. 
Propylene, OgHg, yields propionic acid, acetic acid and acetone, 
the propionic acid being probably derived from pvopicmic aldehyd, 
isomeric with acetone. Chromic acid even attacks carbon in the 
cold. By operating with pure carbon Berthelot succeeded in 
obtaining a small quantity of oxalic acid, 

2€-f3e-f-H, e=€2H2e^. 

The oxydation of allylene by means of chromic acid appears first 
to yield an aldehyd -GjH^O, which then by taking up the elements 
of water becomes propionic acid. The author sums up his resnlts 
as follows : 

1. A first oxydation gives oxygen by simple addition, with for- 
mation of an aldehyd or acetone : 

thus €2H^+e=:€aH^e (aldehyd) 

€/jHg-|-0=:€/3HgO (acetone and propionic acid. 

2. A further action — always on the free hydrocarbon — generates 
monobasic acids ; 

€2H^+e-fH,e=€2H^e2 

8. Finally, as already shown, the same hydrocarbons by the 
action of the alkaline hypermanganates yield bibasic acids : 
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Thus the direct and regnlar oxydation of the hTdrocarbons yield 
aaccessiyely aldehyds, monobasio aoids and bibasio acids.— C7om/>f6« 
ItendtUy IxX) 256. w o. 

6. On the Ethyl compounds of ThaUium, — HANSKif has suc- 
ceeded in replacing two atoms of chlorine in thallic terchlorid by 
ethyl and obtaining the chlorid of thallium-diethyl with correspond- 
ing oxygen salts. When thallous chlorid, TlCl, is suspended in 
ether ana a current of dry chlorine gas is passed in, a yellow fum- 
ing liquid is obtained which becomes brown in the air. Zinc-ethyl 
acts powerfully on this liquid with strong evolution of heat — and 
wiien an ethereal solution of zinc-ethyl is mixed with one of thallic 
terchlorid and the product of the reaction shaken with dilute 
chlorhydric acid a i^ite curdy crystalline mass is obtained after 
the distillation of the ethor which afler purification is the chlorid 
of thallium diethyl, T^C^^H^j^Ol. The now chlorid is soluble in 
hot water, ether and alcohol and crystallizes in silky scales. It 
blackens in the light like argentic chlorid — a property which it also 
according to the author — shares with thallous chlorid. When 
suddenly heated it explodes with formation of thallous chlorid and 
a gas, which is a mixture of ethylene and ethyl-hydrid so that we 

have Tl(C2Hj)aCl=5TlCl-fC2H4-fC,He. 

By double decomposition with argentic sulphate and nitrate the 
author obtained tne sulphate, rT^C^Hj^ala^^** *"^ ^h® nitrate 
T1(C3H.)2N'03 which crystallize in leaves and are soluble in 
water, alcohol and ether. The author promises a further investi- 
gation of this very interesting and theoretically important subject. 
— SeruAte der Deutachen chemischen Gesellsch(\ft, No. 1, 1 870, p. 9. 

W. G. 

7. Spectrum Analysis : Six Lectures delivered in 1868 btfore the 
Society of Apothecaries of London, By Henby R Roscoe. Lon- 
don. C. Macmillan & Co. — We are indebted to the kindness of the 
author for a cop;^ of this work, which presents the most complete 
account of the history and development of spectral analysis to be 
found in any language, if we except perhaps the German treatise 
of Schellen and the Swedish work of Thalen.* The six lectures 
form rather less than half the work. They are simply and agree- 
ably written, not too popular, nor yet too abstruse for a popular 
work in the best beiise of the term. Their value is greatly increased 
however, for the scientific reader, by the addition of numerous and 
elaborate appendices including in many cases entire memoirs. Be- 
sides the diagrams and figures which illustrate the lectures^ the 
work is enriched by an excellent lithographic reproduction of Kirch- 
hoft's chart from A to G and of Anirstrom's and Thalen's chart from 
G to II, and witli cliromo-lithographs of the spectra of several fixed 
stars and nebulte. Kirc]i]ioff''s and Huggius' tables are given in full. 
The results of the analysis of the light of the sun's atmosphere 
up to the date of the publication of the lectures are also given. 

* Om Spektral analjs. Upsala Univeraitets Anokrift, 1866. 
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Finally there is an excellent bibliography of works and memoin 
on the spectroscope and spectral analysis. That the work ghooU 
not in every respect deserve unqualified praise will seem natunl 
enouffh, yet we are not disposed to find lault with so rich a sum 
of information offered to us in so acceptable a form. w. & 

IL MINERALOGY AND GEOLOGY. 

1. On the Megaddctylua polt/zeltis of Hitchcock ; by K D. 
CoPB. — This genus was named by Hitchcock in his Supplement to 
the Ichnology of New England, p. 39, 1865 ; the bones have been 
briefly described in his Ichnology on page 186. The remains woe 
found in a more or less fragmentary condition in the red sandstooe 
rocks of the Valley of the Connecticut, from the neighborhood of 
Springfield, Massachusetts. They were found by William Smith, 
while engaged in superintending some excavations made at the 
armory, which required blasting. 

The remains consist of four caudal and one dorsal vertebrs, the 
greater part of the left fore foot, with distal portions of ulna and 
radius ; the greater part of the left femur, proximal end of left tibiA, 
greater part of left nbula, tarsus and hina foot, including a taml 
bone, perfect metatarsus, proximal end of a second metatarsos, 
parts of the distal end of a third, and parts and impressions of four 
phalanges. 

These fragments demonstrate the former existence in the region 
in question of a typical form of the suborder or order Symphypoda 
(Cotnpsognatha Huxley), and one nearer the birds than any other 
hitherto found in America. Its pertinence to this order is sboi^ii 
by the absence of the first series of tarsal bones, apparently, « 
Gegenbaur has suggested, and as the structure of Lselaps proves, 
in consequence of their confluence with the distal extremities of the 
tibia and fibula. This important character is apparently assumed 
early in life in the present genus, and in Compsognathus, and prob- 
ably quite late, in Omithotarsus. In Compsognathus the additional 
peculiarity of the persistence of but two carpal bones is presented, 
which, according to Gegenbaur, should correspond with those of the 
first row of ordinary Reptilia, while those of the second have disap- 
peared. In Megadactylus those of the first series are present, rix: 
the radiale and probably ulnare, and one of the second row, very 
much reduced, opposite to the second metacarpus. There is space 
for a second one of the second series, but it does not appear in the 
matrix, while the ulnare is probably lost. 

Tlie bird-like tendencies of the Symphypoda have been indicated 
above, and the very ornithic character of the bones of the pres- 
ent form is also very marked. The walls of the long bones are 
very thin, in some places near their extremities almost as much so 
as writing paper. The vertebrae and ischia present the same thin 
walls. The structure of these walls is exceedingly dense. 

Prof. Cope next gives the special characters of the bones, which 
are here omitted. He adds : 
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rh»t ^ntmal* of thk geniu made some of the tracks umilar to 
Me of InrdB in the red sandstones of the Valley of the Connect!- 
t there can be no doubt It furthermore explains some prob- 
natictd impressions which are occasionally roond with tnem. 
acks of an animal resting in a plantigrade position, as indicated 
' the moulds of two long parallel metatarsi, each terminated by 
ree toes, are accompanied by a peculiar, bilobate, transversely 
al mark on the midale line, some distance behind the heels. 
Prof Hitchcock states that it appears to be the impression of a 
ort stiff taiL The present specimen shows clearly that it whh 
ide by the obtuse extremities of the ischia. The saurian sq uat- 
1 down, resting on its styloid ischia as the third leg of a \.r\\ttnl 
which the anterior pair was represented by the hinder hfgH. 
tyf O. C. Marsh informs me that in the museum of Yale Colle(^<', 
dab exhibiting impressions similar to the above shows the irn- 
esnons of the anterior feet also, which were put to the grr>unfl in 
e act of rising or sitting, or perhaps reached to it while the; ani- 
d was squatting, as do those of carnivorous Mammalia. 
The tracks of many of the animals discovered by IIiU!hcr>ck an? 
intigrade. That they could not have walked like the pjariii- 
ade mammal, is sufficiently evident from the length of the uw-Ut- 
rsal elements,^ which would necessitate a constant coritnu;tiori of 
B tibialis anticus muscle, or peculiar arrangement of the tar^-al 
•nes, for its support The latter does not appear U» have exiNtird, 
d the former is so very improbable, that, in conntfction wiiji th<; 
enmatic structure of tne bones, there is abundant reanori Ut Hup- 
se that they progressed by leaps, and asHumed the plantigmdif 
flition when at rest 

No portion of the cranium or dentition of this {renus has \h',vu 
eserved. The large stout hooke<l claws of the fW i't^A wouM 
licate a more or less carnivorous diet 

The existence of Symphypoda in the strata here indicated, with 
s occurrence of a I^terosaurian in a nimilar situation in PcnriHyl- 
nia, points to the existence of the tranhition from KfMi|i(;r Ut Liiis, 
dX is, from Triassic to Jurassic bedn, in the ntA HandwtonfrH of 
stem United States. They have iK^eri hen'tofore nrj^ardifd as 
iassic,* which the lower portions of them un<]oiibt<;dly an?, and 
nilar to the German Keuper in the pn-fwrnw; of Labyrinthodonts, 
lecodonts and Dinosauria in In^th ]\?nnHyl vania and N. Carolina. 
The remains here described were allud'<fd to by ProC li. Owen, 
those of a Saurian pointing to th*- Ptftro'Iar-tylff* or Hir«l«, pro- 
ling the cavities of the bones were filK-^l by marrow, and not by 
rtilage. Prof Wyman n;garded them as those of a reptile, 
ough the long brines might have ht'^n n-ferrr-d to a bird if oon- 
lered alone. "While the bones from SprintrfieM are as hollow^ 
those of the Pterodactyle, I do not find that they are thos^^ ot 
is animal; there is no positive proof of the long fingers nor of 

* Hitchcock, 
lower Jurassi 
'8 that I lie 
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the broad sternam which these reptiles possessed* The existence 
of the large toe in company with the small one is in favor of a 
jumping animal '^ — From the Memoir of Prof. Cope on Extinct Rep- 
tilia and Aves^ Amer, Phil. Soc,^ unpuhliHhed volume, 

2. On the jEtasmosaurifS platyurus of Cope ; by Dr. J. LsmT. 
(Communicated by the Author). — At a meetingof the Academy 
of Natural Sciences of Philadelphia, March 8th, Prof Leidy stated 
that afler an examination of the remains of the great marine san- 
rian, from the Cretaceous formation of Kansas, presented to the 
Academy by Dr. T. H. Turner, U. S. A., and described by Pro£ 
Cope under the name of Elasmosaurus platyurus^ he had arrived 
at the conclusion that the animal belonged to the Enaliosaurians. 
It was closely allied to PUsiosauruB ; the peculiar characteristics 
of the different regions of the vertebral column, together with 
those of the shoulder and pelvic girdles, and the figments of the 
skull and teeth, are decidedly Plesiosaurian. 

Prof. Coi)e has fallen into the error of describing the skeleton 
in a reversed position to the true one, and in that view has rep- 
resented it in a restoreil condition in his recent " Synopsis of the 
Extinct Batrachia, Reptilia, and Aves," published in the Transac- 
tions of the American I^hilosophical Society. To explain the appa- 
rently anomalous and reversea condition of the articular processes, 
(zygapophyses) of the vertebrse, he considers that those ordinarily 
existing in animals are substituted by the second set (zygospheoe 
and zygantrum) of serpents and iguanians. 

The discovery of a portion of the skull, as report^ by Dr. Tiu> 
ner, in the vicinitv oi what Prof. Cope regards as the anterior 
extremity of the skeleton, and which he considers as confirmatory 
of the view he has taken of the latter, Prof. Leidy remarked, inde- 
pendently of the many anatomical characteristics, is more than 
compensated by the opposite end of the vertebral column termina- 
ting in a coossified axis and atlas, this latter still retaining in its 
cup the occipital condyle. 

A comparison of caudal vertebne of the Kansas saurian with 
isolated Sj)eeimen8 from the Cretaceous fonnations of Alabama, 
Mississippi, and New Jersey, referre<l by Prof Leidy to a Ple- 
siosaurian, under the name of Discosimms^ leads him to view 
JEIasmosfturus as identical with it. Such also appears originally 
to have been the view of Prof Cope, in relation to a part of 
the same skeleton which he referred to a sj^ecies with the name 
of Discosattrus cdrinottLS. 

The restored Diacosunrm or Elasmosnums^ would repeat the 
form usually given of Plesiosattnis^ but the neck was of more 
remarkable length than in the latter. It comprised the alm«>8t 
incredible number of seventy-tico cervicais, and measured almost 
twenty-two feet in length, indejiendent of the head. The imper- 
fection of the rest of the vertebral column does not pt»rmit any- 
thing like a positive estimate to be made of the comparative ex- 
tent of the trunk and tail 

In the true view of Discosaurus or JSlasmosaums, Prof Cope's 
order of Streptosaurid® fe.\l^ to malutaiu its ground. 
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8. OmithcpBis^ a gigantic animal of tJie Pterodactyle kind from 
the Weaiden ; by II. G. Sbeley (Ann. Mag. N. H., IV, v, 279). — 
CTnder the above title Mr. Seeley describes two vertebrce in the 
British Museum, one from Tilgate and the other from the Isle of 
Wight, which " are of size and structure and texture such that 
both might well have belonged to the same kind of organism," 
»nd probably the same animal. One vertebra is from the lower 
part of the neck, and the other from the back ; and when perfect 
the former, from the back to the front of the centrum, could 

* scarcely have measured less than ten inches." " Seven such ver- 
bebne would have made the neck 4 to 5 feet long, and the animal 
10 to 12 feet," while, according to the author, it may have been 
two or three times as high. The vertebrae are constructed after 

* the lightest and airiest plan" peculiar to Pterodactyls and birds ; 
they have pneumatic foramina as in these species, and these 
are very large, like those of the former species. The animal must 
Lherefore have been decidedly omithoid ; and the gigantic ornithic 
foot-prints of the Wealden, described by Mr. Beccles and Mr. 
Tyler, may have been its tracks. The author closes his paper 
with naming the species Ornithopsis Sulkei, aft«r Dr. Hnlke. 

4. Volcanic action on Hawaii: copy of a letter from Rev. 
Frrus Coan to Prof Chester S. Lyman, dated Jan. 24, 18^0. — 
*Our volcanic craters have not made great demonstrations of 
late, and yet are not quiet. Slight « shocks of earthquakes 
>ften occur, sometimes one, two or three in a day. During the 
5rst two weeks of the present month a good deal of steam and 
imoke arose from Mokuaweoweo, the suremiit crater of Maima 
Lea. In Kilauea the action is fitful. Occasionally the fires rage 
with much violence, and again they are sluggish. When I was 
:here in August, the old south lake, Halemaumau, was a hun- 
ired feet deep, and four-fifths of a mile in diameter on the bot- 
iom. On this floor there were eight fiery ovens and orifices 
rpen. Since then there have been several vivid overflowings. 
rbese, with the slowly acting uplifting forces, have raised the 
bottom of the crater some 76 feet, so that now the latest facts 
ire that the bottom is within 25 feet of the upper rim, and it 
s supposed that the pit has been enlarged to more than a mile in 
iiameter. Lord Charles Hervey and Dr. Hans Berag, a Prussian 
lavan, have made two visits there within the past month. They 
ilso rode on mules, in company witli Judge Hitchcock of Hilo, to 
ihe terminal crater of Mauna Loa, and looked into Mokuaweoweo. 
There was no fire seen, but much steam. These gentlemen took a 
lewly discovered route, which proved much easier than any before 
cnown. A cattle ranch has been established at Kapapala, and a 
nilk and butter station is situated a mile higher up the ridge of 
he mountain. From this upper station the cattle have found 
;heir way nearly to the summit, and the herdsmen in searcli of 
hem have found that mules could reach Wilkes's camp without 
liflUculty. Starting from Kapapala as a * base of supplies,' you 
lau go nearly to the summit the first day. On the second day you 
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can ascend to the top, spend several hours, and return to ^amp to 
sleep. On the third day you can reach Kapapala ranch before 
night. It is also now probable that the same could be done from 
Kilauea as a base." 

5. Oeological Map of Canada and the Northern United Staki; 
by Sir W. E. Logan. — We have at length the pleasure of »d- 
nouncing the appearance of this important and long looked-for con- 
tribution to American geology. Although it bears the date of 1866, 
its publication has, for some reason, been delayed until 1869. A 
first copy was shown by Dr. Hunt at the meeting of the American 
Association at Salem, last summer, and it is only within a few 
weeks, as we are informed, that the Geological Survey of Canada 
has been able to procure a small number ot colored copies for dis- 
tribution, one of which is now before ns. The legend of the map 
informs us that the geological details for Canada, comprising the 
former provinces of tipper and Lower Canada (now Ontario and 
Quebecjare furnished by the Geological Survey under the direction 
of Sir William E. Logan. He has himself compiled the geology 
of the various states of the Union under the supervision of Prof 
Hall from various sources which are mentioned in detail in the 
preface to the Atlas of the Geology of Canada ; (publishecl in 1 865) 
where he tells us that this portion of the work was done '^with the 
approval of Prof. James Hall, who has freely placed all his materials 
at the disposal of the compiler, and aided by his intimate personal 
knowledge of the geology of a greater part of the region repre- 
sented." For the geology of the province of New Brunswick, 
Nova Scotia and Newfoundland, also, the most authentic printed 
and manuscript maps were consulted, as described in the Atlas 
just referred to. 

An indisj)en8able preliminary to a work of this kind was a cor- 
rect topographical map, and such a one for Canada had to be slow- 
ly and laboriously constructed. The sources of information for this 
purpose are given at length in the preface already quoted. A se- 
ries of longitude determinations was made, by electric telegraph, 
of various points from Chicago to Quebec and Halifax, and both 
of the latter stations were directly comf)ared with Cambridge. In 
the absence of a regular trigonometrical survey of the provinces, 
the IT. S. boundary surveys, the lake surveys of the U. S. Topograph- 
ical Engineers, and the hydrographical surveys of the British Admi- 
ralty were available for the course of the St. Lawrence and the Brit- 
ish shores, while those of the U. S. Coast Survey were followed for 
the United States. For the interior of the provinces, in addition 
to the surveys already existing, great numbei-s of topographical 
surveys have been made by the officers of the Geological Survey 
during the past twenty-five years. From all this material, de- 
scribed in the Atlas, pp. 8-15, it has been possible to make a far 
more accurate delineation of the geograpliy of the British prov- 
inces than has hitherto been attained, and the same remark will 
apply to the coastal region of the United States, since we believe 
that this is the first time the beautiful and accurate work of 
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our own CoaBt Survey has ever been reproduced in a complete 
form for our shores from the St. Croix to the Chesapeake. The 
construction of the map was intrusted to Mr. Robert Barlow, 
formerly of the British Ordnance Survey, and now chief topog- 
rapher to the Survey of Canada. It has been engraved on steel by 
Ramboz and Jacobs of Paris, under the superintendence of Mr. 
Gustave Bossange, and is remarkable for the beauty of its execu- 
tion. The geological lines having been traced upon the plate, 
they were placed in the hands of Mr. Stanford, the well known 
map publisher of London, under whose direction the printing and 
hand coloring of the map have been executed. The Atlas already 
referred to contains a small colored geological map, on the scale of 
125 miles to the inch, which is a reduction of that now before us, 
and bears the date of 1864. Changes and additions to the geolo- 
gy have, however, been made in the large map, on which it has 
been possible also to give the subdivisions of the Quebec group in 
Eastern Canada, which the small scale of the first map did not 
allow. 

The present map is on the scale of twenty-five miles to the inch, 
and measures eight feet from east to west by three and a half 
feet from north to south; extending southward to latitude 37"^, and 
westward to lonscitude 100°. Its northern limits include the lakes 
Manitoba and Winnipeg, James's Bay, Newfoundland, and the ad- 
jacent Labrador coast, while to the south it takes in Kanzas and 
northern Virginia. 

The geological subdivisions adopted, on this map are — 1. Lauren- 
tian, 2. Labradorian (or Upper Laurentian), 3. Huronian; while for 
the paleozoic series the names and divisions of the New York sur- 
vey ar« essentially adopted, as follows: 4. Potsdam formation, 5. 
Calciferous, 7. Chazy, 8. Birdseye and Black River, 9. Trenton, 10. 
Utica, 11. Hudson Kiver, 12. Medina and Oneida, 13. Clinton, 14. 
Niagara, 16. Guelph, 16. Onondaga or Salina, 17. Lower Helder- 
berg, 18. Corniferous and Oriskany, 19. Hamilton, 20. Chemung 
and Portage, 21. Old Red sandstone, 22. Lower Carboniferous 
limestone. 23. Bonaventure (conglomerate), 24. Coal measures, 26. 
Upper Carboniferous limestone, 26. Permian, 27. Trias, 28. Cre- 
taceous, 29. Tertiary. In the eastern basin, as is well known, the 
geological survey of Canada admits the existence of a Quebec group, 
which is regarded as equivalent of the Calciferous and Chazy for- 
mations and is divided into three parts in ascending order, viz : 
the Levis, Lauzon and Sillery formations. These are represented 
on the map before us ; the Levis being colored like the Calcifer- 
ous, and the Sillery like the Chazy, while the Lauzon (6), is distin- 
guished by a separate color. Add to this two colors for intrusive 
rocks, one for granites and the other for diorites and dolerites, 
and we have not less than thirty-one geological divisions, indicated 
on the map by as many colors. The system of coloring adopted 
by Sir William Logan is essentially that of the Survey of Great 
Britain, with such modifications as were required to adapt it to our 
American geology, and has the merit of bringing into distinct view 
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the great geological divisions without offending the eye by crude 
and harsh contrasts. 

With the exception of the reduction of this in the Atlas, it is 
believed that no geological map has appeared which presents to 
the student a connected view of so great an area of the continent 
It extends from the Cretaceous and Tertiary rocks of New Jersey, 
to those of Nebraska and Dakota, and shows at a glance by far 
the greater part of the wide paleozoic basin of North America. It 
may at first seem strange that a map designed primarily to display 
the geology of Canada should be made so comprehensive; but it will 
be seen that the proposed limits of the New I)ominion extend even 
farther westwara than this map, while the southern point of the 
province of Ontario stretches as far as northeni Pennsylvania, or 
oelow the 42nd parallel. A clear understanding of the geology 
of the upper St. Lawrence basin, was, moreover, not possible 
without a delineation of the great coal fields adjacent, whose rela- 
tion to Canada, it should be added, is not less important com- 
mercially than geologically. These coal fields now furnish large 
supplies of fuel to the middle and western portions of the Domin- 
ion, which, in return, is sending to the coal regions rich ores from 
its inexhaustible mines of iron, — the commencement of a commerce 
which must grow in importance, and bind more closely these prov- 
inces to our great republic. 

On the other hand, we cannot fail to be struck with the extent of 
the Acadian coal basin, including large portions of Nova Scotia, 
and New Brunswick, and part of Newfoundland. Out of it, in 
fact, the Gulf of St. Lawrence has been excavated ; and this wide 
maritime area, with its thick scams of superior bituminous coal, con- 
tiguous to safe harbors, and not far removed from the great manu- 
facturing districts of New England, must every year increase in 
importance alike to the provinces and to the Union. We are 
temj)ted to dwell still farther on the great commercial questions 
raised by the inspection of this geological map, which the geogra- 
pher, the merchant, and the statesman may consult with equal 
advantage; but we must confine onrselves to its geological 
aspects. 

For that part of the United States which lies between the Missis- 
sippi and the longitude of the Hudson, the geological lines are now 
so well defined that, except for some parts of the Appalachian belt, 
no subsequent researches will probably necessitate any considerable 
change in the map. The geological structure of the {jrovinces 
of Ontario and Quebec, south of the great Laurentian region 
which stretches along the north side of the St. Lawrence basin, 
has been wrought out with an accuracy rarely surpassed, and re- 
quires a map on a much larger scale to exhibit it in detail. We 
have lately seen such a map, about to be published by the Greolog- 
ical Survey of Canada, which, extending from a little west of Mon- 
treal to a little east of Quebec, includes the region between that 
portion of the St. Lawrence and the frontier of the United States. 
It is engraved on a scale of four miles to the inch, and geologi- 
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cally colored to exhibit in detail the complicated structure of the 
Canadian extension of the Appalachians, the so-called Notre Dame 
range. Its publication is delayed by the want of topographical 
details for some portions, but the map will soon appear, and it is 
proposed to follow it by the publication of maps of other sections, 
on the same scale. (See the Atlas, page 23.) 

During the three years which have elapsed since the engraving 
of the present map, considerable progress has been made in inves- 
tigating the geology of the maritime British provinces. The pub- 
lished reports of Mr. Murray upon Newfoundland show that 
besides the Laarentian, Potsdam and Quebec rocks of the north- 
western portions, extensive developments of Laurentian, Huroni- 
an and Primordial Silurian occur towards the southeast, higher 
rocks, including an area of coal measures, occupying the interme- 
diate portion. This work of Mr. Murray, if continued, will ere long 
give us a correct notion of the geology of the whole island. 

Coming now to the Acadian provinces (Nova Scotia and New 
Brunswick) much new work has been done, though very much re- 
mains to be accomplished there. The map accompanying Dr. Daw- 
son's Acadian Geology (1869) adds something to the present one, 
and gives a part of the results from the labors of Matthews, Bai- 
ley and Hartt. We now know of the existence in New Brunswick, 
to the south of the coal fields, of considerable developments of Pri- 
mordial and Upper Silurian rocks, each with a well characterized 
&una, and also of a remarkable Devonian flora. A belt near the 
southern coast of this province, once regarded as of iMeous rocks, 
has been found to belong to an ancient stratified senes, probably 
Huronian, interposed between the Primordial strata and a band 
of still more ancient rocks, once designated granites, and now re- 
cognized as highly crystalline gneisses of Laurentian age. It is 
probable that the more considerable granite areas now indicated 
in other parts of New Brunswick will be found, on further exam- 
ination, to be ancient indigenous rocks as already suggested by 
Hind and by Dawson, and in part, at least, of Laurentian age. 
The same remark will apply to Maine and Nova Scotia. 

The existence of Laurentian and Huronian rocks to the south- 
east of the Carboniferous area in Newfoundland and in New 
Brunswick, and the recent detection by Dr. Hunt of a belt of 
Laurentian in eastern Massachusetts, leads us to hope that we are 
approaching to a comprehension of the geological structure of 
New England. We look for much in this connection from the new 
geological survey of New Hampshire, under Professor C. H. Hitch- 
cock, and confidently expect that in a second edition of the map 
before us, which will soon be required, the geology of the New 
England states will no longer be a paitial blank. To the geolog- 
ical student who is familiar with the region, this state of things 
conveys no reproach. The wide differences in original condition 
and volume between the sediments of the contiguous western and 
eastern basins, the comparative rarity of calcareous deposits 
throughout the paleozoic series in the latter, and its highly 
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altered and crystalline condition, have hitherto presented ins^pe^ 
able difficulties in the way of unravelling the geological stmctare 
of this eastern region. 

It is to be hoped that the government of the New Dominion will 
make liberal provision for the distribution of this valuable map. 
Meanwhile, a geological map, on the same scale and plan, of the 
southeastern United States is greatly needed to supplement this 
admirable publication of the Geological Survey ot Canada, and 
we trust that a hand to prepare and means to publish it will not 
be wanting. 

6. Lahradorite Rocks at Marhlehead ; by T. Sterrt Hunt. — 
The following note, appended to my paper on Norite Rocks in the 
last number of this Journal, was accidentally omitted. In speak- 
ing of the boulders of labradorite rocks at Marblehead Neck, I 
said '• specimens of this rock, correctly determined and labelled, 
are found in the collection of the Essex Institute at Salem. To 
these my attention was called at the time of the meeting in Au- 
gust last, by Prof. C. H. Hitchcock, after which, in company with 
Dr. G. B. Loring, Prof Packard and Prof Kerr, I visited the 
locality at Marblehead Neck and collected further specimens of 
the characteristic labradorite rock." 
Montreal, March 18, 1870. 

6. McplorcUiona in the Rocky Mountains by J, D, Whitney, — 
Professor J. D. Whitnky has given the California Academy of 
Sciences some of the results of explorations under his direction in 
the Rocky Mountains during the summer vacation of 1869. 

The party, which was well provided with instruments for topo- 
graphical, astronomical, and barometrical work, consisted chiefly 
of professors and students fi-om the Mining School of Harvard Uni- 
versity, and was also accompanied by Professor Brewer, of the 
Yale Scientific School, and Mr. C. F. Hoffinann, of San Francisco. 
A careful triangulation was made of the dominating range of the 
Rocky Mountains between Gray's Peak and the south edge of the 
South Park, and a map drawn by Mr. HoflFinann, on a scale of two 
miles to an inch, embracing an area of about 3,500 square miles. 
This map includes the wliole of the South Park and its vicinity ; 
but not tne whole of the main divide of the Rocky Mountains, that 
portion which lies to the northwest of the head of the Arkansas 
river being necessarily left to be completed at a future time. It 
is hoped that it will be possible to extend the topographical work 
to the north and west, so that a detailed map may oe prepared of 
the whole of the highest portion of the Rocky Mountains. 

Among the results obtained by this exploration was the de- 
termination of the elevation of some high points not previously 
measured The highest peak ascended lies to the west of the 
Arkansas, and it surpasses in elevation aiiy yet observed in the 
Rocky Mountains. It was named Mount Harvard, and found to 
be 14,270 feet in height. The next highest points are: Gray's 
Peak, which was ascertained to be 14,146 feet in elevation ; Mount 
Lincoln, 14,123 feet; and Mount Yale, 14,078 feet. Many other 
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points were measiired, but these were the only ones that were 
found to be over 14,000 feet high. 

Dr. Parry is the only other explorer who has published any 
measurements of the peaks of this region. Having, however, no 
station barometers nearer than St Louis, his results are liable to 
considerable uncertainty, as is shown by the fact that his elevation 
of Denver was found by the spirit-level surveys of the Central Pa- 
cific and Denver roads to be 282 feet too great, a result closely 
corroborated by the Kansas Pacific Railroad surveys. Dr. Parry 
also obtained for the height of Gray's Peak a result one hundred 
feet greater than ours. In every other instance where observa- 
tions were taken by the Harvard Mining School party at stations 
previously occupied by Dr. Parry, the results of the latter are 
found somewhat too high, the discrepancy varying from 50 to 450 
feet. This would indicate that the elenation of Pie's Peak, given 
by Dr. Parry at 14,216, may also be a little too high. But, to ob- 
tain the necessary data for working up to the last degree of ac- 
curacy the barometrical observations taken in this region, it will be 
necessary that stations be made on the plains at the base of the 
mountains — say at Denver — and at some point as high up as possi- 
ble — as, for instance, Georgetown or Montgomery — and the ob- 
servations continued for at least one year synchronously at the 
two stations. 

In the meantime, it will be convenient to have the approximate 
heiehts of all the points in the Rocky Mountains yet measured, 
and which exceed 14,000 feet in elevation. They are as follows : 

Feet 

Mount Harvard 14,270 

Gray's Peak 14,245 (Parry) 

Pike's Peak 14,216 (Parry) 

Mount Lincoln 14,1 23 

Mount Yale 14,078 

Long's Peak 14,050 (?) 

The result here given for Gray's Peak ip 100 feet greater than 
that obtained by the Harvard party. That for Long's Peak is an 
estimate based on a barometrical observation by Messrs. Powell 
and Byers, without any corresponding base observation; the 
barometer stood at 18*100 inches. 

From the above it will be seen that no point has yet been found 
in the Rocky Mountains as high as several in the Sierra Nevada. 
It will also DC noticed as a remarkable coincidence how little the 
highest points differ from each other in elevation. 

It is thought by some that there are still higher peaks than any 
yet measured to the southwest of Mount Harvard and Mount Yale, 
in the yet unexplored regions lying between the Arkansas and the 
Grand. This party was unable to carry its work so far in that di- 
rection as would have been necessary in order to decide that 
point. 

The other results of this expedition will be worked out and 
published in due time. 
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7. CcUifomia Q^ological Survey. — ^All geologists, and all inter- 
ested in the development of the resources of our country, wUl 
rejoice to learn that the resumption of the Greological Survey of 
California, imder Profl J. D. Whitney, has been ordered by the 
Legislature of the State. An appropriation of 2,000 dollars per 
month for two years has been made, '^ to complete the field work, 
and publications^' Besides this a deficiency appropriation of 
25,000 dollars has been passed. The act with reference to this con- 
tinuance of the survey is entirely satisfiactory in all respects. It 
was chiefly due to the influence and energy of Hon. £. Tompkins, 
of the Senate, that the Survey bill was carried through both 
branches of the Legislature by a large majority. 

8. The Geological Survey of Ohio; its Progress in 1869, 
Report of an Address delivered to the Legislature of Ohio, Feh. 
7th, 1870, by J. S. NEWBEamr, Chief (reologist. 60 pp. 8vo. — Dr. 
Newberry, the able head of the Geological Survey of Ohio, pre- 
sents in this report a general review of the organization of the 
corps for the survey under his charge, his plan and aims, and a 
brief statement of the geological structure of the State, and the 
important objects to be secured by the investigations in progress. 
Some of the results arrived at during the past year have already 
been mentioned in the last volume of this Journal, at page 417. 

9. Sketches of Creation ; a popular view of some of the grand 
conclusions of the sciences in reference to the history of matter 
and of life ; together with a statement of the intimations of ed- 
ence respecting the primordial condition and the ultimate destiny 
of the earth and the solar system ; by Alexander Wincheij!, 
LL.D., Prof, of Geology, Zoology, and Botany, in the University 
of Michigan, and Director of the State Geological Survey. 460 pp. 
12mo, with many illustrations. New York, 1870. (Harper a 
Brothers). — ^The scope of Professor Winchell's work is well made 
known in its title. It is written for the popular reader ; and while 
its sentences may be regarded as too rhetorical by the scientific 
student, they may attract others to the subject, and aid many in 
appreciating the grandeur and bearing of the truths which have 
been brought to light by geological investigation. 

10. Isomorphism of Gadolinite^ Datolite and Etickise, — Ram- 
MELSBERQ has pointed out in the Zeitschrift of the German Greolo- 
gical Society (vol. xxi, p. 807, 1869) the isomorphism of Gradoli- 
nite with datolite. He cites the fact that DesCloizcaux has a8ce^ 
tained through optical examination the crystallization of Gradoli- 
nite to be monochnic (Ann. Ch. Ph., IV, xviii) ; and shows by chem- 
ical analyses that the ratio of the oxygen of the silica to that of the 
bases is 2 : 3 as in the other species above named. The obliquity 
(or angle C)=89^ 28' and 1: 1=116°. 

Rammelsberg also shows, by a comparison of angles, the iso- 
morphism of Datolite and Euclase. As he does not mention the 
fact, we add that this isomorphism was announced and proved six- 
teen years since in this Journal, (H, xvii, 216, 1854), by J. D. 
Dana, and also in Dana^s Mineralogy, 4th ed., 1 854, p. 204, where 
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lolase jproap of isomorphs is made to include DathoUU^ 
i«, Sphene and Zoisitey to which he soon after (ib., 
:, 363) added KeUhauite, The iBomorphism is mentioned 

the last edition of Dana's Mineralogy (1808) ; and more- 
ie similarity in chemical composition (which Kammelsberg 
chibits) is there brought ont (on pp. 362, 363), both under 
w and old system of chemical formulas. 
Jfineralogical contributions of G. vom Rath, of Bonn. — 
^gendorf ^s Annalen, vol. cxxxvi, p. 405, vom Rath has pub- 
one of his valuable mineralo^cal papers, containing the fol- 

articles : on the crystallization of V ivianite ; the chemical 
a of Eulytite (silicate of bismuth), with observations on its 
lization and other characters; on the orvstalline form of 
tite, which he makes monoclinic, with c (clmodiagonal) :h\a 
=0-869: 1:1-822; and a on c = 110** 30'; on the Labrado- 

Nar6dal on the Sognefiord in Norway, with analyses; on 
•ulangerite of Silbersand near Mayen, with analvses. For 
ilytite of Schneeberg he found Si 16-62, Si 82-23, f, Pe 116= 

again, §i 16-93, Bi 80-61, P 0-28, fe 0'62=:97-34: whence the for- 
k*Si'. This places the species among the Unisilicates. 
1 paper contams also a notice of a crystalline compound of 
md Calcium, corresponding to the formula Zn**t)a=:Zino 
Calcium 4-87=100. He found 95*11 and 4*90. Its crystals 
lall square octahedrons, having the angle of the terminal 
134^°, and of the basal 66° 18', whence the vertical axis=: 

ReaU Comitato Oeologico cPItaiia. — ^The Italian Govem- 
ias appointed a Greological corps, for the publication of a 
geological chart of Italy, with descriptions of the geoloei- 
ucture of V the country. The corps includes Prol J. Cocchi, 
rence, President, Bartolommeo Gastaldi, Professor of Mine- 
at Turin, F. Giordano, Inspector of the Royal Corps of 
z Engineers, G. Meneghini, Pro£ of Geoloey at Pisa, and 
ICO Fasini, Senator of the Kingdom of Italy; with the 
nts Pietro Zezi, Mining Engineer, Giuseppe Grattarola and 

Alessandri, Geological Assistants, and Felice Momo, 
rante." The 1 st and 2d numbers of the Bulletin (Bolletino) 
ssued in January and February of the present year; and 

1 volume of the Memoirs, to contain papers on Italian Geol- 
rill soon be published. In the February number of the Bul- 
Prof. Cocchi has an abstract of a paper on Elba, and E. 
an article on the composition of a dark-colored volcanic 
►f Monte Catini containing mica, called Selagite, ^named 
iti Jmvg limdccioaa mica<:ea), and also of a prehnitoid rock 
he same locality, and of the prehnite of Impruneta. The 
>f the selagite was found to consist of 

tO-8, 3tl 221, Pe 21-0, fig 06, Oa 6-6, i. 6-9, Fl 0*8, fl 3-6=100-2. 

G.=3*15, and H.=2-6. The paste or rock material contain- 
e mica was found to consist of 

3tll-7, *e37-3, Slgl-4, Cal40, STa, fe(fr-), Pl*l=100. H=4-6, G=2-789. 
OUR. Sci.— Second Series, Vol. XLIX, No. U7.— llkT,\Wi. 

25 
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12. Oibbsite and WaveUUe. — ^Hermann (Bull Soc. Imp£r. Nat 
Moscow, No. 4, 1868y 496), has analyzed a grayish pearly mine- 
ral, oocorring on limonite, in Chester Co., Pa., in thin crobts, deli- 
cately concretionary under a lens. It has a hardness of 3*0, 0.= 
2*35, and is subtranslucent. He obtained 

Si 63-84, £[ 33-46, Si 1*60, P 091, &g, f e *-aee=99t0. 

Hermann has obtained for the composition of the Wayellite of 
the same region (ib.) : 

P 32-70, *1 36-83, fi 2839, f e 3-08, PI <r.=100, 

agreeing nearly with the analysis by Genth. He found G.=2-80 
and H.=3'5. 
The Gibbsite (hydrargillite) of Villa Rica afforded Hermann 

(ib.) : il 63-60, f e 2-00, fl 34-40 = 100. 

13. Hermann on Samar shite and the compounds of the Cokm- 
bium metals (ib., p. 463). — Hermann here reviews the composition 
of different minerals containing the metals of the columbium 
group. He deduces for Columbite the formula ft fi, the second 
metal including the Columbium and related metals ; for Samare- 
kite and ^8chynite,& S; forTantalite It' 2k He makes the oxyds 
of the Columbium metals, B. B, S, &. 

14. Minerals of Elba, — Mr. Antonio d^Achiabdi of Pisa, has 
described the crystals of several of the minerals of £lba, in 
an article published in the Nuovo Cimento, H, iii, Feb., 1870. 
The species included are Quartz, Wollastonite, Beryl, E^idote, 
Lepidolite, Tourmaline, Ilvaite, and Orthoclase. He also pub- 
lishes the analysis of a Ilalloysite — which afforded 

Si 6515, Xl 27-72, Sg and Ca 5-10, fc 116, fl 10-20=99-32. 

It is soapy in aspect and feel ; milk-white, with small black and 
pale flesQ-red spots; opaque, but becoming translucent in water; 
and adheres to the tongue. 

15. Mineralogische Notizen^ of F. Hbssenbebg. — ^llie ninth 
number of Hessenberg's admirable crystallographic memoirs on 
minerals has recently been published by the Senckenberg Nat 
Gesellschaft in Frankfort on the Maine (voL vii, p. 267, 1870). It 
contains figures and measurements, with various observations, on 
the species Calcite from Lake Superior, Reissite of v. Fritsch, a 
rhomoic Zeolite (perhaps a new mineral) from Santorin, Wollas- 
tonite, Periclin, Strontianite, Sphene, Caledonite, Hematite, Pyrite 

16. Pencatite and Fredazzite, — The mineral carbonates Penca- 
tite and Predazzite, which have been suspected to be only mix- 
tures (see Dana's Min., 5th ed., 1868, p. 708) are proved to be 
such by G. Hauenschild, through a microscopic examination of 
specimens. He found them to be calcite, containing crystals of 
brucite. — Sitzber, Ak, Wien,^ vol. Ix, 1 869. 

17. Ramm^berg on some Jiative Tantalum and Cohanbivm 
Compounds. — ^In the Zeitschrift of the German Greological Society 
for 1869, at p. 586, Rammelsberg has a paper discussing the min- 
erals Tantaiite^ Yttrotantalitey Euxentte^ .^Eschf/nite and I)^ 
cUore. 
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In a paper oommencing at pa^e 106 of the same Yolume, Ram- 
melsber^ treats of the composition of Silicates. 

18. -an Elementary Treatise on Qitartzand Opal^ including their 
varieties^ with a notice of the principal foreign and British locali- 
ties in which they occur ; by George William Traill. New edi- 
tion, greatly enlarged. 74 pp. 12mo. Edinburgh, 1870. — This 
beaatifully printed little mineralogical volume contains descrip- 
tions of ^e many varieties of quartz and opal, with observations 
on their uses, localities, and other points of popular interest con- 
nected with them. The value of the work would be increased in 
another edition, by adding some account of the optical peculiarities 
of the species, about which there are many strange facts that might 
easily be made intelUgible to minds little familiar with science. 

III. BOTANY AND ZOOLOGY. 

1. How Crops Feed; a Treatise on the Atmosphere and the Soil 
as related to the nutrition of Agricultural Plants^ with illustra- 
tions; by Samuel W. Johnson, M.A., Prof Analytical and Agri- 
cultural Chemistry in the Sheffield Scientific School of Yale Col- 
lege, Ac. pp. 375, 18mo. New York: (Orange Judd & Co.) 1870. 
—/This is the sequel to the treatise entitled " How Crops Grow," 
which was issued two years ago, and which has taken its place as 
an essential text-book. It was most promptly reproduced m Eng- 
land, very handsomely as respects the typography, Ac, under the 
editorship of two Professors at the Royal Agncultural College at 
Cirencester, — by whom " numerous additions have been made to 
it, and in some parts it has been entirely rewritten." No means 
are furnished (at least we can find none) by which the reader can 
ascertain what the alterations and additions to this English edi- 
tion are,-— which seems unjust. 

In the present volume, in considering " how crops feed," Prof. 
Johnson is in fullest force, upon ground that he has complete mas- 
tery of; and consequently he has produced a compendium of what 
is known of the chemistry and physics of vegetation which is emi- 
nentlv clear and satisfactory, and which supplies a long felt want. 
The first division of the book is devoted to the atmosphere, the 
second to the soil as related to vegetation ; and the action of the 
various elements of each upon plants, especially the staple plants 
of agriculture, and of plants upon them, is in turn considered, with 
unusual perspicuity, and wii'i iibout the fullness requisite for a text- 
book. From the biological sido we might have wished to present 
some things somewhat differently, — to draw, for instance, a more 
marked line of distinction between vegetation as made up of organ- 
isms which, no less than animals, do work at the expense of organic 
materials and therefore produce or compose carbpnic acid, and, on 
the other hand, as fulfilling the peculiar and essential work of 
vegetation, viz., the production of organic matter and the conse- 
quent decomposition of carbonic acid; and to distinguish also 
more definitely between this great operation which producer tba 
materials for growth, and growth itself, "wlacYi \a \»ti^ oon^^xv^^x^ ^^ 
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these into tiBsne or ttractnre, and which of conne goes on indiffer- 
ently to light, which is all-essential to the foimer. The scientific 
reader will notice one of the author's strone and peculiar points, 
which is presented by way of conclusion in the final paragrapn, viz., 
how several causes conspire to render the soil in a certain degree 
the conservator of its own fertility, by protecting its own resources 
firom waste and too rapid use. a. g. 

2. McniiuSy Flora Br(i$iliensiSjfMO, 48 : CanvidvulaoecB expoa 
0. F. Mbissvbb. Aug. 1869. — ^Frof. Meissner, who was obliged 
for a time to lay aside serious botanical work, here signalizes nis 
return to it by a discriminating elaboration of the Brazilian Con' 
9olvtdacecB, The japreat genus Ipomoea is preserved in the extended 
sense, including UcUanyctian^ Quamodit^ Mcoganium^ JPhcarhiHSj 
Ac, but with Operculina of Manso maintained as a genus. The 
work is extensively illustrated by 53 folio platea a. g. 

8. Development of the Flotoer of Pinguicula vulgaris^ Ac; by 
Pro£ A. Dickson of the University of Glaseow. A quarto memoir, 
from the Trans. Roy. Soa Edinb. 1869. — Tke letter-press and three 
excellent plates illustrate the organogeny of the flower of Pingwr 
eula^ and make out that the ovary is probably composed of five cai^ 
pels, — certainly not of two, notwithstanding the DUabiate stigma, 
— and the placenta from the first free-central, so that the order 
should be regarded as Primnlaceous in type, and not paiticularly 
related to Scrophtdarinem; and then the embryos of this genus and 
of Utricularia are investigated and fimired ; the fact of the single 
cotyledon in P. vtdgarie is confirmed, as well as of the two in 
other species, and the undivided or rather undeveloped and so-called 
acotyledonous embryo in Utricularia vtUgaris, ju o. 

4. A Geographical Ifandbook of all the known JFlsmSy with 
Tables to show their Distribution; by K. M. Ltsix. London, 
Murray, 1870, pp. 225, 8vo. — Fern-amateurs are not very uncom- 
mon in this country ; in England they abound ; and to know ferns, 
if not to collect or cultivate them, is among educated people, espe- 
cially ladies, rather the rule than the exception ; and or popular 
Fern-books there is no small choice. Among them all we shall 
hardly meet with so solid and faithful a volume as this by Mrs. 
Col. Lyell. It is not a descriptive work, but, as its title denotes, 
is a full catalogue of the Ferns known in every particular country, 
with the ranges in each ; followed by a series of compact and admira- 
ble tables, in which the genera and species are systematically 
arranged, and the distribution through all the continents or regions, 
and their main divisions, clearly indicated. Of course the main 
sources of information are the works of Sir William Hooker, 
and particularly the Synopsis Filicum^ brought out by Mr. Bak^, 
to which may be added the latter's elaborate memoir on the distii- 
bution of Ferns, in the Transactions of the Linnssan Society. Yet 
tills volume must have cost long labor, and the result is well 
worth it A. 6. 

5. Bulletin of the Torrey Botanical Club. — ^These 8to sheets 
^of which we have Nos. 1 and 2, for January and February) are 
issued by the Club, wbiobi \vo\^ VSusT%^gQ\»s m«fttiu^ in the T(»** 
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reyan Herbarium at Golambia College, and has special oversight 
of the botany of the region immediately around New York. 
^me of its brief articles are of more than local interest. For 
instance, Dr. Allen, in the first number, shows that the dwarf (Eno- 
thera of Montauk Point, Long Island, is not (E, linearis^ as has 
been thought, but a depressed form of (E, fruticoaa^ dwarfed, no 
doubt by the bleak exposure; and Mr. Leggett, the editor, 
announces the discovery, by Mr. Brown, of flowers fertilized in 
the closed bud in ArUtolochia aerpentaria. In the second number, 
Mr. Leggett explains how it came to pass that JLepidium Virgini- 
cum, unlike all its congeners, has accumbent cotyledons, and proves 
that it is by no means so different as has always been supposed. 
Also that the embryo in this species and its near allies partakes 
of the character which has been deemed peculiar to Subulariay 
Senebiera, Ac, viz., in the fold being above the base of the cotyle- 
dons, not at their lunction with the radicle. Mr. Leggett writes 
that, " In the species which I have examined, viz., the present, Ij, 
rudercUe^ L. campestrej and, perhaps, X. intermedium^ the cotyle- 
dons are continued, in the form of petioles, about half way down 
the radicle; the cotyledons, in fact, being transversely folded upon 
themselves, as stated and illustrated in Qray^s Genera in the case 
of Subularia and Senehiera^ the genera immediately preceding 
JLepidium. In the other species of L^idium the plane of division 
between these petioles, or ' radicular ' portions of the cotyledons, 
is parallel to the cotyledons proper, and conse(}uently to the seed 
partition. In L, Virginicum this split is likewise parallel to the 
partition, and thus the ' radicular ' portions of the cotyledons, is 
incnmbent, and so far the species is m accordance with its conge- 
ners. Where the cotyledons expand into a blade, they are turned 
sharply at right angles to the partition and become accumbent. 
If the embryo be held with the edge of the cotyledons toward 
the eye, it is the left blade which comes from the back of the 
radicle, and thus has the longer turn to make. Cakile Americana^ 
Natt, resembles Iridium Virginicum in these particulars, except 
that the *• radicular ' portion of the cotyledons is relatively much 
shorter, and in one instance 1 found the blades of the cotyledons 
almost spirally bent over the radicle, so as to pass, as it were, 
through an incumbent stage. I have also observed this narrow- 
ing of the cotyledons into a petiolar portion, greater or less, in 
.Nasturiiwn, Uardamine, Arabia^ JBaroareUj JEhryeimum, and Ror 
phaniM, so far as represented in our local Flora ; but in all those 
genera, the ' radicular ' split has conformed nearly or quite to the 
cotyledons, as they are incumbent or accumbent: m Cardamine it 
is lonff and somewhat inclined to one side." We have verified this 
statement as respects Lepldium Vtrginicumj and only wonder how 
this conformation has been overlooked. No. 3, for March, has 
also been received. a. g. 

6. Notes relating to VegetMe Physiology, dbc, — ^A part of the 
following memoranda are drawn from the last numbers of the 
^lUlecin of the Botanical Society of France, especially its Hevue 
^iographigite, which is very faithfully e^ted. 
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TTie effect of BarhtmyAmtiht9 in rusting Wheats after haviug 
long been acconnted a groundless popular superstition, is at 
length understood and admitted by the Cryptogamists. The 
botanists used to rebut the charges of the farmers by the statement 
that the rust in the grain fields and the prevalent fungus of the 
Barberry belonged to very different genera, and that therefore the 
one could not give origin to the other. But DeBary in Grermany 
and CErsted in Denmark, foUowingup similar enquiries by Tulasne 
in France, have concluded that Uredo^ Puccinia^ and (Ecidium 
are to be regarded, not as so many genera, but as three successive 
forms of fructification of the same fungus, or in some sort an alteiv 
nation of generations. DeBary ascertained that the spores of the 
Puccf'nia gram inis do not germinate when sprinkled on the leaves 
and stalks of the cereal grains, which this rust infests, while they 
will germinate on the leaves of the Barberry, and there give rise 
to the JEcidium Berheridis: and the spores oJthis are equally inert 
upon the Barberry, but will grow in their turn upon Wheat, and 
there reproduce first the Uredo or yellow rust and later tlie Puccinia 
graminis or dark rust. Another species of Jhiccinia equally pro- 
duces its corresponding .^Scidium upon Buckthorn ; another alter- 
nates between the cereal grains and certain Boraeineous weeds. 
These results have been practically tested, in the Targe way, last 
summer, in France. Long hedges of Barberry, planted along the 
Paris and Lyons railway in a commune in the C6te d'Or, were 
complained of by the* adjacent cultivators, and were cut away 
at certain places by way of experiment ; and an investigation by 
the railroad company, whose interests were adverse to such a deci- 
sion, left no doubt of the injurious eftects of the Barberry on the 
contiguous wheat fields. 

l^he turning green of etiolated plants^ or in other words the 
production of chlorophyll upon exposure to light, was found by 
Guillemin to take place much more promptly under diffuse light 
than in direct sunshine. Sachs, finding that the blanched plantlcts 
of Maize, which he used, turned green more rapidly when shielded 
by a paper cover than when exposed to the sun directly, attributed 
the result to the greater elevation of the temperature of the con- 
fined air. But Famintzin showed that the shaded plantlets turned 
green first at a lower temperature than those unshaded. Prillieux, 
from whose paper, read last autumn before the Botanical Society 
of France, these facts are taken, confirmed this result in two other 
ways, — first, by submitting the etiolated plantlets to different inten- 
sities of the same light from which the calorific rays had been 
mainly screened out, and secondly by placing them m a cone of 
light at different distances from the focus of the condensing lens; 
those in the brightest light remained apparently unchanged in 
color during an exposure which had sufficea to develop a decided 
green hue in those of feebler lic:ht. Prillieux thinks the difference 
IS wholly physiological ; that chlorophyll is formed promptly under 
light of a certain proper intensity, and not beyond ; that it is 
slightly if at all proauced under that stronger or direct light which 
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acting upon this same chlorophyll is so efficient in the decomposi- 
tion of carbonic acid and the consequent evolution of oxygen gas. 

Boussingault, in one of the latest of his admirable papers on 
the functions of leaves, published in the Ann. ScL Nat., tom« 10 of 
the current series, comes to the conclusion that, though leaves des- 
titute of chlorophyll do not decompose any carbonic acid, yet that 
they begin to do so as soon as any chlorophyll is produced. 

18 light ahsohUely requisite to the decomposition qf carbonic 
acid in green foliage^ and how much is necessary f — These ques- 
tions are satisfactoi^y answered by Boussingault, through a series 
of experiments in which green leaves were introduced into a mix- 
ture of carbonic acid and liydrogen, over mercury, und the evolu- 
tion of oxygen tested by tlie inti'oduction of phosphorus, and its 
phosphorescence in the dark, or by the white cloud in light. He 
thus found, 1, that leaves do not decompose any carbonic acid in 
the dark, nor in twilight after sunset ; but they do so very well 
under the diffuse light of a northern exposure, and under ordinary 
shade ; as is shown indeed by the vegetation which thrives in the 
shade of a forest and the like ; 2, that this evolution of oxygen 
begins as soon as the leaves are exposed to the light, and stops 
instantly when taken out of the light. Van Tieghem, experiment- 
ing upon aquatic plants, at first supposed he had proved the con- 
trary, but in further experiments came to the same result. 

To what portion of the solar radiation is this decomposition 
owing? — Pnllieux, using light of different colors but of equal 
intensity, through colored solutions, thought he had ascertained 
that the decomposition was directly due to the luminous intensity, 
irrespective of the nature of the rays ; that the orange aqd yellow 
rays and those of that part of the spectrum are most efficient merely 
because they are most luminous. But Deh6rain, repeating these 
experiments, and measuring carefully the quantities of gas emitted, 
concludes that the blue and violet rays are not so effective as the 
yellow and red, when both are brought to the same intensity. 
Also that the same holds true of the evaporation of water from 
foliage. According to Deh^rain, this is a transpiration rather than 
a simple evaporation, and is governed by the amount of light, and 
even goes on in a saturated atmosphere. He confirms an old obser- 
vation of Guettard, that the water is more largely exhaled from the 
firmer and denser upper surface of the leaf, — which would not have 
been expected. 

The movement of Protoplasm and of Chlorophyll with it, in the 
cells of leaves, on the other hand, is effected only by the rays of 
the other end of the solar spectrum, viz., the blue and violet. 
This is shown by Borodine (Acad. St. Peters b.), who has seen 
remarkable movements of the chlorophyll-grains in terrestrial plants, 
especially in the leaves of Mniuru^ a Moss, confirming an earlier dis- 
covery of Famintzin. In diffused light the grains of chlorophyll 
are applied to the surfaces of the cells parallel to the surface of 
the leaf or other organ : under direct hght they promptly move 
away to the side walls, to return again when the light is dimin- 



408 Seimt^ Inidligenee. 

ished. This shoald be oonsidered in conneotion with the obaernh 
tions, recorded above, that blanched plants do not torn green so 
readily nnder direct as under diffused tight. Rose, more recently, 
ooncludes, as did Mohl long ago, that these moTements do not ori- 

S'nate in the grains of chlorophyll, but belong to the protoplasm 
which they are imbedded. 

Leaves ilksmincOed by airt\fieial light alio decompose carbonie 
aoidj as Prillieux shows, experimenting by electrical, the Dmm- 
mond, and even common gas light. 

Vegetation mag thrive in an atmosphere rich in carbonic acid. 
This has been proved long ago as to an air containing ten per cent 
of this gas. Ueri^-Mangon, as stated by Dumas, caused a plant 
of Thuja nana to grow and prosper in an atmosphere half of which 
was carbonic acid. — That foliage takes in carbonic acid freely from 
the surrounding atmosphere, and also from water in the case of sub- 
merged plants, is well established. 

Is caroonic acid taken in by the roots also f It was commonly 
thought that the greater part of this element of the plant^s food 
was appropriated by the roots, either as dissolved in water or di- 
rectly in the aeriform state ; and it is difficult to think otherwise when 
we consider the .great store contained in every fertile or artificially 
manured soil, within reach of the roots of plants, and that the au* 
in the pores of such a soil is vastly richer in carbonic acid than 
the atmosphere above. Nevertheless Corewinder of Lille thinks 
he has made out that it is not absorbed by the roots, at least in 
any considerably quantity, but only becomes available as it rises 
into the air and reaches the foliage. So unlikely a conclusion 
needs more decisive proof; although the favorable action of car- 
bonic acid in respect to the solution of the mineral matters needed 
by the plant and absorbed by it, may be in some sort independent 
of its own absorption. 

Oxalic acidy and especiaUg Oxalate of Lime in plants^ accord- 
ing to Anio Ae (in Batisbon Flora) ought not to be regarded as 
in any proper sense products of excretion. They must play some 
essential part ; for tne leaves of perennials which contain oxalate 
of lime give it up in autumn before they perish to the parts which 
live over the winter, and it passes again in spring into the new 
vernal foliage. 

Nature and use of the Latex. Schultz-Schultzenstein, with 
whom our principal knowledge of the vessels of the latex began, 
regarded the liquid they contain (the milky juice, Ac, of certain 
plants) as truly representing the blood of animals, and therefore as 
nourishing fluid. Treviranus led off in the opposite opinion, which, 
drawing its strongest arguments fix)m the tact that colored juices 
are found only in a comparatively small number of plants, and 
that they largely contain gum-resins and the like, pronounces this 
liquid to be a secretion and not a nourishing sap : this view was 
vigorously maintained by Von Mohl. Tr6cul, who has in these 
last dozen years done so much excellent work in vegetable anatomy, 
and especially upon the latex-vessels, — and who discovered their 
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aosoolation with or termination in ducts of all sorts and other 
longated cells, and the penetration of the colored juices into 
hese, — regards these juices as a kind of analogue of venous blood, 
rhioh, haying done its work in the cells, is conveyed into the ducts 
ind thence to the leaves for a new elaboration. The recent German 
ihysiologists, Hanstein and Sachs, considering that latex is rich in 
Asimilated matters, especially proteine, fit for nourishment, conclude 
hat a part of it at least is employed in growth, and is therefore 
elaborated sap, although the caoutchouc, <fec., in it may be excre- 
oentitioos. In France, Faivre, who has formerly investigated the 
atex of Ftcus ektstica^ has lately and for five years studied that of 
he White Mulberry. He confirms the last mentioned view ; and 
hows that the latex of this tree contains a large proportion of 
Asimilable nourishing matter, both ternary and quaternary, and 
hat this matter is actually used by the plant in growth, m the 
v^ay of an elaborated sap. 

jtn$ec^<iid to Fertilization in plante^ and the arrangements there- 
or, have been much studied of late by Hildebrand in Germany 
did Delpino in Italy. The former a few years ago wrote a syste- 
oatic treatise on the subject which should be translated into Eng- 
ish. In a later paper he has been noticing the successive disap- 
pearance from the tropics northward of certain tribes or groups 
»f plants with the disappearance of the tribes of insects, or of 
lumming birds, <fec., which effect their fertilization : Roses, Peo- 
lies, Ac, disappjearing with the larger Coleoptera, many Silenes 
md Lychnises with nocturnal Lepidoptera, until, in the arctic zone 
here are only such flowering plants as are fertilized by the aid of 
lymenoptera, Diptera, and the wind. Delpino, in analyzing the 
'hsenogamous flora of Nova Zembla, concludes that of its 124 flow- 
ring plants, 16 are dichogamous by the aid of Hymenoptera, 84, 
lichogamous and monogamous by aid of these and Diptera, and 
;4 are fertilized by the wind. So of the 91 species in Spitzbergen, 
{ are fertilized by Hymenoptera, 63 by Hymenoptera and Diptera, 
ind 26 by the wmd. 

IhrtUization in Acrogenom Cryptogamous plants. A valuable 
K>ntribution has been made, by Strasburger, Professor in the Uni- 
"ersity of Warsaw. His papers on the fertilization of Ferns, <fcc., 
»re published in the Memoirs of the Imperial Academy of St. Pe- 
ersburgh and the Bot. Zeitung for 1868, and are reproduced in 
Trench in the Ann. ScL Naturelles. The interesting point is, that 
k mucilage, secreted in the canal of the archegonium or pistillidium 
ind discharged from its orifice, serves to catch and entangle the mov- 
ng spermatozoids and to direct their course down to the cell to 
>e fertilized, — into which one or more ^f the spermatozoids work 
heir way by their pointed end, while the other and enlarged glob- 
Jar extremity often breaks off and is left behind. 

The influence of stock upon scion and the converse, which has 
f late been much under consideration, appears to be well made 
»ut in one kind of case, viz., in the propagation from the one to 
he other of variegation. The older facts of the sort are confirmed 
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by some recent cases which Dr. Masters has exhibited to the Sci- 
entific Committee of the Royal Horticultural Society ; — in which 
the foliage of the grafts of one species Abutilon took on variega- 
tion from the yariegated stock of a different species ; and vice versa, 
a variegated graft, inserted upon a green stock, and after a time 
pinched back, caused buds oi the stock to develop with varie- 
gated foliage. Moreover, in a case recorded by Profl Morren, the 
variegation ceased after the accidental destruction of the varie- 
gated graft ; and it is said that '^ the mere insertion of a detached 
variegated leaf into a slit in the back of a green Abutilon was 
sufficient to inoculate the latter, even although the inserted leaf 
speedily perished." Gard, Chronicle^ March 6. — Cases of thia 
kind, which may best be regarded as the propagation of disease, 
bear however only indirectly upon the question of the diaring of 
special qualities between stock and scion. a. g. 

7. Prof. Francis Unger, of Vienna, distinizuished in Fossil 
Botany, Ac, in former years the associate of Endlicher, died, in 
his native town of Gratz, February 12th, in the 69th year of his 
age. It was at first reported that* he had died suddenly ; then, 
that he was found " murdered in his bed" a. g. 

8. On Deep Sea Dredging in the neighborhood of the British 
Jules in 1869: — Tlie Temperature, Currents, Life, Waters, and 
Gases present in the waters, in the depths of the Oceans ; by Dr. 
W. B. Carpenter. — ^The following are extracts from a Lecture 
by Dr. Carpenter before the Royal Institution of Great Britain on 
the 11th of February last. We omit the most of what relates to 
the life of the sea bottom, as this part of the subject was presented 
by Prof Verrill in our January number, at page 129. The dis- 
course commences by giving the results of the three cruises of the 
Porcupine — undertaten to complete and extend the investigationB 
made by the "Lightning" Expedition of 1868. The first cruise 
commenced from Galway, and was directed first to the southwest, 
then to the west, and finally to the northwest as far as the Rockall 
Bank ; the greatest depth of dredging done by it was 1476 
fathoms ; the second, to the northern extremity of the Bay of Bis- 
cay, where a depth 2500 fathoms was known to exist, and dredg- 
ing was carried to a depth of 2346 fathoms ; the third, over the 
area between the north of Scotland and the Faroe Islands. 

* * * The following summary of the results [with regard 
to temperature] brings into marked contrast the conditions of the 
wann and cold areas, which occupy respectively the W. S. W. and 
E. X. E. portions of the channel between the north of Scotland 
and the Faroe Islands, and lie side by side in its midst. 

The «^r/<7C€-temperature may be said to be everywhere nearly 
the same, viz., 52 ; the variations above or below this being at- 
tributable either to atmospheric differences (as wind, sunshine, &c.) 
or to difference of latitude. Alike in the warm and the cold areas 
there was a fall of from 3° to 4° in the first 60 fathoms, bringing 
down the temperature at that depth to 48°. A slow descent took 
place nearly at the ^ame t^\a mbotih areas through the next 150 



Botany and Zoology. 411 

fathoms ; the temperature in the warm area at the depth of 200 
fathoms being 47 , whilst in the cold it was 46 '7°. It is below 
this depth that the marked difference shows itsell For whilst in 
the warm area there is a slow and pretty uniform descent in the 
next 400 fathoms, amounting to less than,/bwr degrees in the whole, 
there is in the cold area a descent oi fifteen degrees in the next 
100 fathoms, bringing down the temperature at 300 fathoms to 
30*8**. Even this is not the lowest ; for the serial soundings taken 
at depths intermediate between 300 and 640 fathoms (the latter 
being the greatest depth met with in the cold area, midway be- 
tween the Faroe and the Shetland Islands) showed a further pro- 
gressive descent; the lowest bottom-temperature met with being 
29*6**. Thus, while the temperature of the superficial stratum of 
the water occupying the cold area clearly indicates its derivation 
from the same source as the general body of water occupying the 
warm area, the temperature of the deeper stratum, which may 
have a thickness of more than two thousand feet, ranges from the 
freezing-point of fresh water to 2^° below it. Between the two is 
a stratum of intermixture of about 100 fathoms thickness, which 
marks the transition between the warm superficial layer and the 
body of frigid water which occupies the deeper part of the channel 

The shortest distance, within which these two contrasted sub- 
marine climates were observed at corresponding depths, was 
about 20 miles ; but a much smaller distance was sufiicient to pro- 
duce it when the depth rapidly changed. Thus near the southern 
border of the deep channel, at a depth of 1 90 fathoms, the bottom- 
temperature was 48*7° ; while only six miles off, where the depth 
had increased to 445 fathoms, the bottom-temperature was 30 '1. 
In the first case, the bottom evidently lay in tne wann superficial 
stratum; whilst in the second it was overflowed by the deeper 
frigid stream. 

It seems impossible to account for these phenomena on any other 
hypothesis than that of the direct derivation of this frigid water 
from the Arctic bas^in. And this agrees very well with other facts 
observed in the course of the exploration. Thus : — (1) The rapid 
descent of temperature marking the " stratum of intermixture " be- 
gan about 50 fathoms nearer the surface in the most northerly 
portion of the cold area examined, than it did in the most southerly, 
as might be expected from the nearer proximity of the cold stream 
to its source. (2) The sand covering the bottom contains particles 
of volcanic minerals, probably brought down from Jan Mayen or 
Spitzbergen. (3) The fauna of the cold area has a decidedly Bo- 
real typo ; many of the animals which abound in it having been 
hitherto found only on the shores of Greenland, Iceland, or Spitz- 
bergen. 

Although the temperatures obtained in the warm area do not 
afford the same striking evidence of the derivation of its whole 
body of water from a southern source, yet a careful examination of 
its condition seems fully to justify such an inference. For the wa- 
ter at 400 fathoms in lat. 59^° was only 2*4° colder than water at 
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the same depth at the northern border of the Bay of Biscay, in a 
latitude more than 10^ to the south, where the sorface-temperatnre 
was 62*7° ; and the approximation of the two temperatures is yet 
nearer at still crreater depths, the bottom-temperature at 767 
fathoms at the former station being 41*4^, whilst the temperature 
at 750 fathoms at the latter point was 42*6^ Now, as^it may be 
certainly affirmed that the lowest temperature obsenred in the 
warm area is considerably above the isotherm of its latitude, and 
that this elevation could not be maintained against the oooliiu^ in- 
fluence of the Arctic stream but for a continual supply of heat 
from a warmer region, the inference seems inevitable that the bulk 
of the water in the warm area must have come thither from the 
southwest. The influence of the Gulf Stream proper (meaning by 
this the body of superheated water which issues through the *• Na^ 
rows ' from the Gulf of Mexico), if it reaches this locality at all— 
which is very doubtful— could only aflect the tnost auperj^ial stra- 
tum ; and the same may be said of the surface-drift caused by the 
prevalence of southwesterly winds, to which some have attributed 
the phenomena usually accounted for by the extension of the Oolf 
Stream to these regions. And the presence of the body of water 
which lies between 1 00 and 600 fathoms^ depth, and the range of 
whose temperainre is from 48° to 42°, can scarcely be accounted 
for on any other hypothesis than that of a great general movemeni 
of Eq^uUorial water toward the Polar area ; of which movement 
the Gulf Stream constitutes a peculiar case modified by local con* 
ditions. In like manner, the Arctic Stream, which underlies the 
warm superficial stratum in our cold area, constitutes a peculiar 
case, modified by the local conditions to be presently explained, of 
a great general tnovenient of Polar waiter toward the jEquatcrial 
area, which depresses the temperature of the deepest parts of the 
great Oceanic basins nearly to the freezing-point. 

During the^r«^ and second cruises of the ' Porcupine,' the tem- 
perature of the eastern border of the great North Atlantic basin 
was examined at various depths between from 54 to 2435 fathoms, 
and in widely different localities, ranging from lat. 47° to lat 55^ 
The bottom-tempcTstMre was ascertained at thirty stations, and 
eerfal soundings were taken at seven stations ; making the total 
number of observations eighty-four. Amongst all these the coin- 
cidence of temj)eniture at corresponding depths is extraordinarily 
close; the chief differences showing themselves in the tempera- 
ture of the surface and of the stratum immediatelv beneatn it 
A decided super-heating is observable in this superficial stratum, 
not extending to a depth of much more than 70 or 80 fathoms, 
and more considerable at the southern than at the northern sta- 
tions. Whether this * super-heating ' is entirely due to the direct 
influence of solar heat, or depends in any degree on an exten- 
sion of the Gulf Stream as far as the southern part of the area 
examined, is a question which can only be resolved by the determi- 
nation of its relative amount at different seasons. Between 100 
and 500 fathoms, the rate of decrement is very slow, averaging 
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only about 8® in the whole, or three-fonrths of a degree for every 
100 fathoms ; and this body of water has a temperature so much 
above the isotherm of the northern stations, at which the observa- 
tions were made, as decidedly to indicate that it must have found 
its way thither from a sontnem source. Between 500 and 750 
&thoms, however, the rate of decrease becomes much more rapid, 
the redaction being 5^*4, or above 2^ per 100 fathoms; while be- 
tween 750 and 1000 fathoms it amounts to 8^*1, bringing down the 
temperature at the latter depth to an average of 88^*6. Beneath 
this there is still a slow progressive reduction with increase of 
depth, the temperature falling a little more than 2° between 1000 
and 2485 fathoms ; so that at the last-named depth, the greatest at 
which it was ascertained, it was 86°'6. — ^llius it is obvious either 
that the vast body of water occupying the deeper half of the At- 
lantic basin has been itself derived from a colder region, or that 
its temperature has been reduced by the diffusion through it of 
frigid water from a Polar source. The latter supposition best ac- 
cords with the gradual depression of temperature exhibited be- 
tween 500 and 1000 fathoms which corresponds with the '' stratum 
of intermixture '' of the cold area. 

The temperature-soundings recently taken by Commander 
Chimmo, R. N., and Lieutenant Johnson, R. N., at various points 
in the North Atlantic basin, when the requisite corrections are ap- 
plied for the influence of pressure on the bulbs of the unprotected 
thermometers employed by them, give results which are remarka- 
bly accordant with our own ; so that it may be stated with confi- 
dence that the temperature of the deeper parts of the North 
Atlantic sea-bed is but a very few degrees above the freezing- 
point. 

Now a glance at the North Polar region, as laid down either on 
a globe, or any projection of which the Pole is the center, shows 
that the Polar basin is so much shut in by the northern shores of 
the European, Asiatic, and American continents, that its only com- 
munication with the North Atlantic basin — besides the circuitous 
passages leading into Hudson's and Baffin's Bays — is the spa(;e 
which intervenes between the eastern coast of Greenland and the 
northwestern portion of the Scandinavian peninsula. If^ therefore, 
there be any such general interchange of polar and equatorial 
water as that for which we have argued, the Arctic current must 
flow through the deeper portions of this interspace, at the north of 
which lies Spitzbergen, whilst Iceland and the Faroes lie in the 
middle of its southerly expanse. Now in the channel that lies be- 
tween Greenland and Iceland, the depth is such as to give a free 
passage to such a frigid stream; but between Iceland and the 
Faroe Islands there is no depth so great as 300 fathoms at any 
part, except in a narrow channel at the southeast comer of Ice- 
uuid ; so that an effectual barrier is thus interposed to any move- 
ment of frigid water at a depth exceeding this. A similar barrier 
is presented, not merely by the plateau on which the British Islands 
rest, but also by the bed of the North sea ; the shallowness of 
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which mast give to such a movement a not less effectual check 
than would be afforded by an actual coast-line uniting the Shetland 
Islands and Norway. Consequently, it is obvious that a flow of 
ice-cold water at a depth exceeding 300 fathoms from the surface, 
down the northeastern portion of this interspace, can only find its 
way southward ttirough the deeper portion of the channel between 
the Faroe and Shetland Islands ; which will turn it into a W. S. W. 
direction between the Faroe Islands and the north of Scotland, 
and finally discharge such part of it as has not been neutralised by 
the opposing stream coming up from the southwest, into the great 
North Atlantic basin, where it will meet the Icelandic and Green- 
land currents, and unite with them in diffusing frigid waters 
through its deeper portion. In thus spreading itself, however, the 
frigid water will necessarily mingle with the mass of warmer water 
with which it meets, and will thus have its own temperature raised, 
whilst lowering the general temperature of that mass ; and hence 
it is that we do not find the temperature of even the greatest 
depths of the Atlantic basin nearly so low as that of the compara- 
tively shallow channel which feeds it with Arctic water. 

It may be questioned, however, whether the whole body of Arc- 
tic water that finds its way through the channels just indicated, 
could alone maintain so considerable a reduction in the tempera- 
ture of the enormous mass which lies below 1000 fathoms in the 
Atlantic basin ; subject as this must be to continual elevation by 
the surface-action of the sun on its southern portion. And as the 
few reliable observations on Deep-sea Temperatures under the eqaa- 
tor indicate that even there a temperature not much above Si** 
prevails, it seems probable that part of the cooling effect is due to 
the extension of a flow of frigid water from the Antarctic Pole, even 
north of the Tropic of Cancer. Of such an extension there is evi- 
dence in the temperature-soundings recently taken in H.M.S. 
* Hydra ' between Aden and Bombay, where the cooling influence 
could scarcely have been derived from any other source than the 
Antarctic area.* 

The unrestricted communication which exists between the Ant- 
arctic area and the great Southern Ocean-basins would involve, if 
the doctrine of a general Oceanic circulation be admitted, a much 
more considerable interchange of waters between the Antarctic 
and Equatorial areas, than is possible in the Northern hemisphere. 
And of such a free interchange there seems adequate eviaence; 
for it is well known to navigators that there is a perceptible *8et' 
of warm surface-water in all the southern oceans toward the Ant- 
arctic Pole ; this ' set ' being so decided in one part of the Southern 
Indian Ocean, as to be compared by Capt. Maury to the Gulf 
Stream of the North Atlantic, f Conversely, it would appear from 

* The lowest temperature ctctuaUy observed in these soundings was 36^^. The 
temperature of 33^° given in the previous discourse, as existing below 1800 
fathoms, proves to have been only an esHmcUe formed by Captain Shortland under 
the idea that the rate of reduction observed at smaller depths would oontiniie 
uniform to the bottom, which the serial soundings of the ' Porcupine * prove to be 
by no means the case. 

f ' Physical Geography ot tbib Bas^' %%14:VA^0. 
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the application of the necessary pressure-correction to the tempera- 
tnreB taken in Sir James Ross's Antarctic expedition, the voyage 
of the ' Venus,' &c., at depths greater than 1000 fathoms, that the 
bottom-temperature of the deepest parts of the Southern Oceanic 
basin really approaches the freezing-point, or is even below it. 
And if the temperature of the deeper portion of the North Pacific 
Ocean should be found to exhibit a depression at all corresponding 
to that of the North Atlantic, it must oe attributed entirely to the 
extension of this Antarctic flow; since the depth of Behring's 
Strait, as well as its breadth, is so small as to permit no body of 
Arctic water to issue through that channeLf ♦ ♦ ♦ * 

The M)raminifera collected in the * Porcupine ' expedition pre- 
•ent features of no less interest, though their scale is so much 
smaller. The enormous mass of Globigerina-mud (sometimes al- 
most pure, sometimes mixed with sand) that everywhere covers 
the deep-sea bottom in the reeion explored, save where its temper- 
ature is reduced nearly to me freezing-point, may be judged of 
from the fact that in one instance the dredge brought up naif a 
ton of it from a depth of 767 fathoms. The resemblance of this 
deposit to chalk is greatly strengthened by the recognition of sev- 
eral characteristically Cretaceous types among the Foraminifera 
scattered through the mass of GloMfferincs of which it is princi- 
pallv composed ; as also that of Xanthidia^ frequently preserved 
in flints. s^oX, many absolute novelties presented themselves among 
the foraminifera that form true calcareous afiells ; the chief point 
of interest being the occurrence of certain types of high organi- 
sation at great depths, and their attainment of a size that is only 
paralleled in much warmer latitudes, or in the Tertiary or yet older 
formations. This is especially the case with the CrUteUarian 

E'oup, which has a long geological range ; and also with the MiU 
HncBy of which specimens of unprecedented size presented them- 
selves. The most interesting novelty was a beautiful Orbitolite^ 
which, when complete, must have had the diameter of a sixpence, 
but which, from its extreme tenuity, always broke in the process 
of collection. — Of arenaceous Foraminifera, however, which con- 
struct tests by cementing together sand-grains, instead of produc- 
ing shells, the number of new types is such as to seriously tax 
our power of inventing appropriate generic names. Many of these 
types have a remarkable resemblance to forms previously known 
in the Chalk, the nature of which had not been recognized. Some 
of them throw an important light on the structure of two gigantic 
arenaceous types from the y)per green-sand, recently described 
by the speaker and Mr. II. B. Brady, an account of which will 
appear in the forthcoming part of the ' Philosophical Transactions ;' 

f This statement is not in accordance with the observations hitherto made on the 
temperatures of the ocean along the Asiatic coast of the Pacific and the distribution 
of oceanic life ; for these indicate a north Polar current as decided as that of the 
Atlantic. See the isothermal chart of the oceans ui Dana's Report on Crustacea, 
•nd in this Journal, II, vol xvi, 1853, and also his Manual of Qeology. The ob- 
gervations on the animal life of the coast, made by W. Stimpson, in ti^e Ringgold 
Expedition, are confirmatory evidence on tliis point. — J. D. D. 
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and there is one which can certainly be identified with a form 
lately discovered by Mr. H. B. Brady in a clay-bed of the Carbon- 
iferous limestone. 

The question now arises, whether — as there must have beea 
deep seas in all geological periods, and as the changes which mod- 
ifiea the climate and depth of the sea-bottom were for the most 
part very gradual — we may not carry back the continuity of the 
accumulation of Globigerina-mxid on some part or other of the 
ocean-bed into geological epochs still more remote ; and whether 
it has not had the same large share in the production of the earlier 
calcareous deposits that it has undoubtedly had in that of the 
later. The Foraminiferal origin of certain beds of the Carbonife- 
rous limestone, for example, appears to be indicated by the pres- 
ence of Glohigerince^ long since observed by Professor I^hillipe in 
sections of them, as well as by the fact just stated. The sub-crys- 
talline character of these rocks cannot be regarded as in any way 
antagonistic to such an idea of their origin, since it is peifectly 
well known that all traces of the organic origin of calcareons 
rocks may be completely removed by subsequent metamorphism, 
— as in the Chalk of the Antrim coast. 

What is the source of nutriment for the vast mass of animal 
life covering the abyssal sea-bed is a question of the greatest bi- 
ological interest. That animals have no power in themselves of 
generating the organic compounds which serve as the materials of 
their bodies — and that the production of these materials from the 
carbonic acid, water, and ammonia of the Inorganic world, under 
the influence of light, is the special attribute of vegetation — ^is a 
doctrine so generally accepted, that to call it in question would 
be esteemed a physiological heresy. There is no difficulty in 
accounting for tne alimentation of the higher animal types, with 
such an unlimited supply of food as is afforded b j- the GlobigerifM 
and the Sponges in the midst of which they live, and on which 
many of them are known to feed. Given the Protozoa^ everything 
else IS explicable. But the question returns, — On what do these 
Protozoa live ? 

The hypothesis has been advanced that the food of the abyssal 
Protozoa is derived from Diatoms and other forms of nunute 
plants, which, ordinarily living at or near the surface, may, by 
subsiding to the depths, carry down to the animals of the sea-bed 
the supplies they require. Our examination of the surface-waters, 
however, has afforded no evidence of the existence of such micro- 
phytic vegetation in quantity at all sufficient to supply the vast 
demand; and the most careful search in the Globigenna-mud has 
failed to bring to light more than a very small number of speci- 
mens of these siliceous envelopes of Diatoms, which would most 
assuredly have revealed themselves in abundance, had these pro- 
tophytes served as a principal component of the food of the 
Protozoa that have their dwelling-place on the sea-bed. — Another 
hypothesis has been suggested, that these Protozoa^ which are so 
near the borders of the vegetable kingdom, may be able, like 
plants, to generate OTgame cotxi^ovm.^ l»t >^^tsarXm«» — manu&o- 
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turing tbeir own food, so to speak, from inorganic materials. But 
it is scarcely conceivable that they should do this without the 
agency of lisht ; and, as it is obviously the want of that agency 
wiob excludes the possibility of vegetation in the abysses of the 
ocean, the same denciency would prevent animals from carrying 
on the like process. 

A possible solution of this difficulty, offered hj Prof Wyville 
Thomson in a lecture delivered last spring, has received so remark- 
able a confirmation from the researches made in the ' Porcupine ' 
expedition, that it may now be put forth with considerable confi- 
dence. It is, he remarked, the distinctive character of the Proto- 
zoa^ that '' they have no special organs of nutrition, but that they 
absorb water through the whole surface of their jelly-like bodies. 
Most of these animals secrete exquisitely-formed skeletons, some- 
times of lime, sometimes of silica. There is no doubt that they 
extract both of these substances from the sea-water, although silica 
often exists there in quantity so small as to elude detection by 
chemical tests. All sea-water contains a certain amount of organic 
matter in solution. Its sources are obvious. All rivers contain a 
large quantity ; every shore is surrounded by a fiinge, which av- 
erages about a mile in width, of olive and red sea-weeds ; in the 
mi<Mle of the Atlantic there is a marine meadow, the Sargasso 
Sea, extending over 3,000,000 of square miles ; the sea is full of 
animals which are constantly dying and decaying ; and the water 
of the Gulf Stream, especially, courses around coasts where the 
Bupply of organic matter is enormous. It is, therefore, quite in- 
telligible that a world of animals should live in these dark abysses : 
but it is a necessary condition that they should chiefiy belong to 
a class capable of beine supported by absorption through the sur- 
face of matter in solution ; developing but little heat, and incur- 
ring a very small amount of waste by any manifestation of vital 
activity. According to this view, it seems highly probable that 
at all periods of the earth's history some form of the Protozoa — 
Rhizopods, Sponges, or both— -predominated over all other forms 
of animal life in the depths of^ the sea ; whether spreading, com- 
^pact, and reef-like, as in the Laurentian and Palaeozoic 3ozo6n ; 
or in the forms of myriads of separate organisms, as in the Glohi- 
gerinoe and Ventriculites of the Chalk."* 

During each cruise of the ' Porcupine,' samples of sea-water ob- 
tained from various depths, as well as from the surface, at stations 
fiar removed from land, were submitted to the permanganate test, 
after the method of Prof. W. A. Miller, with an addition suggested 
by Dr. Angus Smith for the purpose of distinguishing the organic 
matter in a state of decomposition from that which is only decom- 
posable ; with the result of showing the uniform presence of an 
appreciable quantity of matter of the latter kind, which, not hav- 
ing passed into a state of decomposition, may be assimilable as 

♦ " The Depths of the Sea," a Lecture delivered m the theatre of the Royal Dub- 
lin Society, April 10, 1869. 
Am. Joub. Sol— SicoKD Sbbibb, Vol. XLIX, No. 147.— Mat, 1870, 

S6 
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food by animals, — ^being, in fisust, protoplasm in a state of extreme 
dilution. And the careful analyses of larger quantities collected 
during the third cruise, which have been smce made by Dr. Frank- 
land, liave fiilly confirmed these results, by demonstrating the 
highly azoHzea character of this organic matter, which presents 
itself in samples of sea-water taken up at from 500 to 750 fathoms 
depth, in such a proportion that its universal difinsion through the 
oceanic waters may oe safely predicated. 

Until, therefore, any other more probable hypothesia shall haye 
been proposed, the sustenance of animal life on the ocean-bottom 
at any depth may be fairly accounted for on the sapposition of 
Prof Wy ville Thomson, that the Protozoic portion of tnat fauna is 
nourished by the direct absorption from the dilute protoplasm dif- 
fused through the whole mass of oceanic waters, just as it draws 
from the same mass the mineral ingredients of the skeletons it 
forms. This diffused protoplasm, however, most be oontinuaUj 
undergoing decomposition, and must be as continually renewed; 
and the source of that renewal must lie on the aurfao&itfe of plants 
and animals, by which (as pointed out by Prof Wyville Thomson) 
fresh supplies of organic matter must be continuaUy imparted to 
the oceanic waters, being carried down even to their greatest 
depths by that liquid diffusion which was so admirably investi- 
gated by the late Professor Graham. 

Not only, however, has the nutrition of the abyssal fiiuna to be 
explained; its respiration also has to be accounted for; and on 
this process also the results of the analyses of the gases of the 
sea-water made during the ' Porcupine ' expedition throw very im- 
portant light. Samples were collected not only at the surface, 
under a great variety of circumstances, but also fr^m great 
depths ; and the gases expelled by boiling were subjected to anal- 
ysis according to the method of Prof "V^ A, Miller — the adapta- 
tion of his apparatus to the exigencies of ship-board having been 
successfully accomj)liBhed during the first cruise by Mr. W. L. Ca^ 
penter. The general average of thirty analyses of surface-water 
gives the following as the percentage proportions: — 26*1 oxygen, 
64*2 nitrogen, 20*7 carbonic acid. This proportion, however, was 
subject to great variations, as will presently oe shown. As a gen- 
eral rule, the proj)ortion of oxygen was found to diminish, and 
that of carbonic acid to increase, with the depth : the results of 
analyses of intermediate waters giving a percentage of 22*0 oxy- 
gen, 62 '8 nitrogen, and 26*2 carbonic acid; while the results of 
analyses of ftoWom- waters gave 19*5 oxygen, 52*6 nitrogen, and 
27*9 carbonic acid. But ^of/om-water at a comparatively small 
depth often contained as much carbonic acid and as little oxyeen 
as intermediate water at much greater depths ; and the proportion 
of carbonic acid to oxygen in ftoWom-water was found to bear a 
much closer relation to the abundance of animal life (especially of 
the more elevated types), as shown by the dredge, than to its 
depth. This was very strikingly shown in an instance in which 
analyses were made of the gases contained in samples of water 
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collected at every 50 fethoms, from 400 fathoms to the bottom at 
862 &thom8| the percentage results being as follows : 





TOOtatb. 


800 filth. 


Bottom, SOfkth. 


Oxygen 


18-8 


17-8 


17-2 


Nitrogen - 


. 49-3 


48-6 


34.6 


Oaxbonioackl 


31-9 


33-7 


48-3 



The eztnu»dmarily augmented percentage of carbonic acid in 
the stratum of water here immediately overlying the sea-bed was 
accompanied by a great abundance of animal life. On the other 
band, the lowest percentage of carbonic acid found in bottom-water 
— ^vi«: 7 '9 — ^was accompanied by a "very bad haul." In several 
cases in which the depths were nearly the same, the analyst vent- 
ured a prediction as to the abundance, or otherwise, of animal life, 
from the proportion of carbonic acid in the bottom-water; and his 
prediction proved in every instance correct. 

It would appear, therefore, that the increase in the proportion 
of carbonic acid, and the diminution in that of the oxygen, in the 
abyssal waters of the ocean, is due to the respiratory process, which 
is no less a necessary condition of the existence of animal life on 
the sea-bed, than is the presence of food-material for its sustenance. 
And it is further obvious that the continued consumption of oxy- 
gen and liberation of carbonic acid would soon render the stratum 
of water immediately above the bottom completely irrespirable — 
in the absence of any antagonistic process of vegetation — ^were it 
not for the upward diffusion of the carbonic acid through the in- 
termediate waters to the surface^ and the downward diffusion of 
oxygen yW>m the surface to the depths below. A continual inter- 
change will take place at the surface between the gases of the sea- 
water and those of the atmosphere ; and thus the respiration of 
the abyssal fauna is provided for by a process of diffusion, which 
may have to operate through three miles or more of intervening 
water. 

The varying proportions of carbonic acid and oxygen in the sur- 
j^oe-waters are doubtless to be accounted for in part by the differ- 
ences in the amount and character of the animal life existing 
beneath ; but a comparison of the results of the analyses made 
during the agitation of the sur&ce by wind, with those made in 
calm weather, showed so decided a reduction in the proportion of 
carbonic acid, with an increase in that of oxygen, under the former 
condition, as almost unequivocally to indicate that superficial dis- 
turbance of the sea by atmospheric movement is absolutely neces- 
sary for its purification from the noxious effects of animal decom- 
position. Of this view a most unexpected and remarkable con- 
firmation has been afforded by the following circumstance : — In 
one of the analyses of surface-water made during the second cruise, 
the percentage of carbonic acid fell as low as 3*3. while that of 
oxygen rose as hieh as 37*1 ; and in a like analysis made dnring 
the third cruise, the percentage of carbonic acid was 5*6 ; while 
that of oxygen was 46-3. As the results of every other analysis 
of surfiEUse-wator were in marked contrast to these, it became a 
question whether they should not be thrown oul ^^ ^TtQtw^Q'QL%\ 
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until it was recollected that, while the samples of snrface "v^ater 
had been generally taken up from the bote ot the vessel, they had 
been drawn in these two instances from (xbc^ft tliepaddUa^ and had 
thus been subjected to such a violent agitation in contact with the 
atmosphere, as would preeminently favor their thorough aeration. 

Hence, then, it may be affirmed that every disturbance of the 
ocean-surface by atmospheric movement, from the gentlest ripple 
to the most tremendous storm-wave, contributes, in proportion to 
its amount, to the maintenance of animal life in its aoyssal depths 
—doing, in fact, for the aeration of the fluids of their inhabitants, 
just what is done by the heavine and falling of our own chests for 
the aeration of the blood which courses mrough our lungs. A 
perpetual calm would be as fatal to their continued existence, as 
the forcible stoppage of all respiratory movement would be to our 
own. And thus universal stagnation would become universal 
death. * * * 

In conclusion, he referred to the systematic and energetic prose- 
cution of deep-sea explorations by the United States Coast Survey 
and by the Swedish (government — the results of which appear to m 
Bingufarly accordant with those now briefly expounded, — as show- 
ing that other maritime powers are strongly interested in the 
subject : and expressed the earnest hope that the liberal assistance 
of U. M. Government, which has already enabled British Natural- 
ists to obtain the lead in this inquiry, would be so continued as 
to enable them to keep it in the future. In particular, he called 
attention to the suggestion lately thrown out by M. Alex. Agassis, 
that an arrangement might be made by our own Admiralty with 
the Naval authorities of the United States ; by which a thorongh 
survey, physical and biological, of the North Atlantic should be 
divided between the two countries ; so that British and American 
explorers, prosecuting in a spirit of generous rivalry labors most 
important to the science of the future, might meet and shake hands 
on the mid-ocean. 

9. Secretion of Sulphuric acid by certain Oasteropode. — ^During 
the autumn of 1853, Professor Tboscubl succeeded in obtaining 
in Messina two specimens of the gigantic gasteropod Dolitan gor 
lea Lk, intending to remove the animal from its shell for preser- 
t^ation. One of the moUusks threw out its enormous proboscis to 
defend itself, and M. Troschel seized it for examination; when 
immediately there was projected from this proboscis a drop of a 
limpid liqmd which, falhng upon the marble pavement of the room, 
produced, much to his astonishment, an active effervescence. He 
succeeded in collecting a portion of this liquid, and in proving it 
to be a secretion of the salivary gland. A few months later, this 
saliva was analyzed by Dr. Baedeker of Bonn, who found in it 
free sulphuric acid. 

Shortly after, MM. Quoy and Gaimard, having discovered in 
the genus Cassis^ a gland analogous to that of the Doliumj sog- 
gested that possibly these gasteropods also secreted a similar fluid, 
using it peiH^ps as a means of defense, but also to aid them in 
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perforating biyalve shells. The DoHum saliva was subsequently 
analyzed by W. Preyer, and Eeferstein published a description of 
the gland. 

This was the state of the question when Professor Panceri — 
whose paper has just been published in the Memoirs of the Royal 
Academy of Naples— undertook its investigation. He associated 
Professor de Luca with him in the work, and to him we are indebt^ 
ed for new analyses of this remarkable secretion. These analyses 
were comparative, made upon the saliva of two similar individuals. 
The liquid was colorless, and slightly opaline from the presence of 
a sulpho-nitrogenous organic substance precipitable by alcohol. 
Its density was 1*026 in (I) and 1*030 in (11). The analysis gave : 

I. IL 

Free sulphuric acid, .... 3*42 330 

Combined sulphuric acid, . . . 0*20 0*16 

Combined chlorhydric acid, . . . 0*68 0*60 
Potassa, soda, magnesia, oxyd of iron, phos- 

Wphates, organic matter and loss, . . 1*80 2*35 

ater, 94*00 93 60 



100*00 100*00 

The moUusks, their shells, and their glands were separately 
weighed, with results as follows : — 

I. II. 

Mollusks, .... 1305 grams. 520 grams. 

Shells, 550 " 255 " 

Glands, 150 " 80 " 



U Qee U 



2005 " 855 

Hence the glands constitute from 7 to 9 per cent of the total 
weight of the animal. 

Moreover, M. Panceri found that on laying open the secretory 
gland of a Dolium^ there was evolved, within a few moments, a 
considerable quantity of gas, which, on examination, proved to be 
pure carbonic acid. One gland, weighing approximately 45 
grams, yielded 206 cubic centimeters of niis gas. As to the secre- 
tion of so acid a fluid from the alkaline blood of the moUusk, this 
cannot surprise us, since it is entirely analogous to the secretion 
of an acid gastric juice from a similarly alkaline blood in the 
higher animals. 

The following list comprises those species of mollusks which, like 
the Dolium galea^ secrete an acid saliva : — 

Prosobranchs. Opisthobranchs. 

Cassis sulcosa Lk. Plexirobranchidium Meckeln Leuc. 

Tritonium nodiferum Lk. PUurohranchris tuberculatvs Meek. 

" hirsutum Fab. CoL " testitudinariuji Cautr. 

" cutaceuyn (cretaceum f) Lk. " hrevifrons Phil. 

" corrugatum Lk. Doris 

C assidaria echinophora Lk. 
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No trace of such a secretion has been detected in the genera Cari- 
naria, Firola, Phylliro^ or in any of the numerous perforating Aoeph- 
ala, such as the I'holas. 

After describing minutely the anatomy of the secretin? organ, 
in both the above divisions of gasteropods, M. Panceri closes his 
paper with some remarks upon the origin and function of this 
unique secretion. Has the sulphuric acid its origin in the ozydir 
tion of the sulphur of the alouminoid tissues, or does it result 
from a decomposition of the sulphates found in sea-water? M. 
Panceri is inclmed to the latter hypothesis, ^nce, as is well known, 
the circulatory system of the gasteropods is so arranged at the 
extremity of the body as to permit the water in which they live 
to enter the blood in small quantity. With regard to the rok 
played by the acid in this secretion, AL Panceri considers it use- 
ful solely for defense ; the habits of the gasteropods studied hy 
him forbidding the hypothesis that it is used to perforate hard 
bodies. Two views may be taken ot the decomposition which 
produced this acid : Ist, it may take place solely for the purpose 
of obtaining the acid, in which case the secretion and emission 
will be but secondary and intermittent ; or 2d, its production may 
be regular and continuous, the sulphuric acid like urea for exam- 
ple, being an effete product resulting from the normal chemical 
changes taking place in the body. — Let Mondes^ U, xzii, 451, 
Mardi 10, 1870. 

\0. On the discovery of the sensitiveness to light possessedby 
Unios ; by William Sharswood. — In the March number of this 
Journal for 1869, p. 280, Prof C. A. White has publi8he<l an arti- 
cle under the caption " Are Unios sensitive to light ?" in which he 
has recited some experiments by which he had been led to justly 
believe "that no doubt is entertained that the posterior portion of 
this moUusk is keenly sensitive to light, but exactly what organs 
are thus sensitive has not been ascertained.'' In the !May number 
of this Journal for 1869, another article on this subject is pre- 
sented over the caption " Are Unios setisitive to ligJU f by Isaac 
Lea," in which are brought out Dr. Lea's prior observations estab- 
lishing the same fact ; referring to the Proceedings of the Academy 
of Natural Sciences of Philadelphia, for 1867, to substantiate hi 
claim, and to a subsequent pubhcation in the Introduction to vol 
vi of his " Observations on the Genus Unio." Now the fact is 
that Mr. Lea was anticipated, by fourteen or fifteen years, in a few 
lines, by Prof S. S. Haldenian, in his " Fresh- water Univalve Mol- 
lusca," Physadaj, January, 1843, p. 8, where he says, " In the other 
fresh-water families described in this work, the power of vision, or 
sensitiveness to the action of light, is rendered evident by inter- 
cepting it with an opaque object, when they instantly retract; 
and I have even observed the protruded branchial canal of Unio 
radiatus (Gmelin) to be suddenly withdrawn, when subjected to 
the same experiment." The following is another statement on the 
subject by the same author, published in the Iconographic Ency- 
clopedia, Zoology, p. 69. (New York, 1860). "The extremity [of 
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the dphonB in Unio] scarcely extends beyond the shell ; it is pap- 
illate, and proyided with eyes which have the power of distin- 
gnishing light from darkness, as the siphons are suddenly with- 
drawn, when a diadow is cast upon them." 
Philadelphia, 24th and Shanwood 8t8., March 9, 1870. 

1 1. Report on the Invertebrata of Massachusetts^ published agree- 
ably to an order of the Legislature. Second edition, compnsine 
the Mollusca; by Augustus A. Gould, M.D., edited by W. G. 
BiNXET. Boston, 1870. — Like most revisions of antiquated 
works, this is a somewhat unsatisfactory book. The difficulties 
have even been much greater than usual, in this instance, on ac- 
count of the death of the author at a time when the reyision of the 
original work was in a vcrv unsatisfactory and unfinished condi- 
tion, which necessarily made the task of the editor laborious and 
the resnltins: work quite different, probably, from what either the 
author or editor would have personally wished. 

Tlie typography and illustrations of the book are excellent and 
do credit both to the State and the editor, as well as to the artists* 
The wood-cuts, of which there are 405, have nearly all been drawn 
from nature by Mr. K S. Morse, whose rare artistic talent and 
thorough knowledge of the subject have enabled him to produce 
figures that are unequaled in ac-curacy. The drawings have been 
most faitlifully reproduced by the engraver, Mr. Henry Marsh, 
whose skill contributed so largely to the value of Harris' Report 
on Insects. The accuracy and beauty of the cuts makes us regret 
that a portion of the labor had not been expended upon the hinges 
and interior parts of the bivalves, lingual dentition and opereula of 
the Gasteropods, and other parts, which are of far greater impor- 
tance than mere external views, no matter how accurate. 

The twelve plates are, with one exception, printed in colors and 
illustrate well the Nudihrancha, Ascidians, Cephalopods and some 
of the Pteropods. The Bryozoa and all the Kadiates and Articu- 
lates are omitted from this edition, which was undoubtedly the 
wisest course, for these groups, which were extremely imperfectly 
represented in the first edition, have now been so numerously col- 
lected and become so well known that at least another volume, the 
size of the present, would be required to do them any justice. The 
greatest improvement upon the text of the first edition is the part 
relating to the Nudibranchs, which was elaborated by Dr. Gould 
some time before his death. Several species not before described 
or noticed are introduced, and all the species are well described 
and illustrated with colored figures. The Ascidians, which were 
very briefly and imperfectly treated in the first edition, now oc- 
cupy 27 pages, and include 29 nominal species. Dr. Gould had 
prepared nothing on this class and the editor has unfortunately 
oeen obliged to compile the descriptions, many of them very brief 
and almost worthless, in fact hardly meriting the name of descrip- 
tions, which have been ])ubli8hed in various other works. The fig- 
ures are, however, mostly very good. Some, which were drawn 
from life by Mr. Burkhardt, have been contributed by Prof. Agas- 
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BiZy but others have been drawn from alcoholic specimens and give 
but a poor idea of the form and appearance of the animals iinien 
living. In conscouence of compiling both bad descriptions and 
good ones, several species of Ascidians appear under two different 
names. Thus Cynthia placenta Packard is the same as Ascidia 
eaniea Ag., and is a true Cytithia ; (7. gvtta Stimpson is, perhaps, 
the young of the same species, which is abundant and of larger 
size in the Bav of Fundy. Molgxda arenata Stimpson is the same, 
in all probability, as Ascidia paammophora Agassiz, but the fig- 
ure of the latter is very poor and does not represent the normal 
state of expansion. This species is abundant on certain sandy 
bottoms near New Haven, and is a true Molg%da. Ascidia oeeliata 
Agassiz appears to be the same as A. teneUa Stimpson. The fig- 
ure of the latter agrees exactly with numerous specimens, which 
we obtained living abundantly from low-water to 60 &thoms at 
East port. Me., which are no doubt Stimpson's species. Boltenia 
microcosmus Agassiz is probably only a reddish variety of B. da- 
vatfi ; we have oflcn observed such variations among the many 
hundreds of specimens of J?, cldvata collected at East port. Me., 
where it is very abundant from low-water to 50 fathoms. Glaf^ 
dula moUis Binney is not the species described by Stimpson under 
that name, even if it belongs to the genus Glandida^ which is very 
doubtful ; figure 328, at least, looks much more like a Cynthia or 
an Ascidia. Perhaps two species are confounded together, but 
neither can be O, mollis^ w)iich is an abundant species at Eastport 
and very constant in its characters, as described by Dr. Stimpson. 
Although the names given by Agassiz to some of the species above 
mentioned are earlier than Stinipson's, no descriptions were given 
by which the species could possibly he recognized, except perhaps 
in the case of -^i. oeeliata^ in which the ocellie are so prominent a 
feature. Therefore the names given by Stimpson, and accompa- 
nied by good descriptions, should bo retained. But there are 
quite a number of Ascidians, living on the New England coast, 
which have been entirely omitted. The part relating to Conohife- 
ra has been much imi)roved and enlarged, and many additional 
sj)oeios introduced. All the species are beautifully illustrated by 
external views, but no figures of the binge or internal markings 
are given, except in very few instances. The parts relating to 
Pteroj)ods and Cephalopods are mostly compiled from various 
sources bv the editor. It is to be regretted that more attention 
was not ))estowed upon the distribution of the species in depth 
and geographieally, for a very large amount of intormation of this 
kind has accumulated since the fii-st edition, but often only the old 
localities are mentioned, though Dr. Stimpson had given a far 
f^reater amount of information of this kind, as long ago as 1851, 
in his "Shells of New England," which has not even been incor- 
porated into the present work. 

Most oonchologists and naturalists generally will be surprised 
at the extent to which obsolete ideas of classification are retained. 
Thus we find the Brachiopods introduced between the Conchifers 



JSbftzny and Zoology, 425 

imd Gasteropods ! The Scaiaridce between LittorinidcB and Ver- 
metidce / In fact the arrangement of the families is very often un- 
nataral. We find, also, many singular inconsistencies in the gen- 
era adopted, for in some families the modern views and modern 
names are introduced . to a considerable extent, while in others, 
where such changes were even more desirable, the old ideas and 
the old genera are retained from the first edition, almost without 
change. But by way of apology we find the following in the edi- 
tor's preface : "Should any disappointment be felt that Dr. Gould 
has not adopted in his work all the improvements in classification, 
&C., which more recent investigations have suggested, it must be 
remembered that this is not a new work. It is rather a reprint of 
an old one, with such additions and improvements as Dr. Gould 
considered absolutely necessary to its i)re8ent usefulness." Also, 
" upon assuming the charge of the publication and receiving the 
manuscripts, drawings, notes, <fcc. of Dr. Gould, I endeavored to 
learn thoroughly what plan he had made for revising the first edi- 
tion, as I was directed to complete the work as nearly as possible 
in accordance with the views and wishes of the author. I believe 
E have bec'n able to arrive at a clear idea of his intentions, which, 
according to my orders, I have most scrupulously endeavored to 
carry out, irrespective of my own opinions. It is only in treating 
the Pidmonifera that I have exercised my own juagment, and 
here only to the extent that I believe Dr. Gould would have ap- 

S roved.*' We do not exactly understand how it is that the editor 
id not also exercise his own judgment in treating the Ascidians, 
Pteropods, and Cephalopods, since he informs us that nothing had 
been prepared by Dr. Gould relating to these classes. But w^e 
fear the editor has in some cases done Dr. Gould injustice by not 
introducing important and essential changes, which he himself 
would undoubtedly have adopted, had he lived to completely re- 
vise the work. Thus there seems to be qo reason why many gen- 
era, now well established, should not have been adopted. For ex- 
ample, EurosaHpinx established for ^^JSuccinumcinereumy^ which 
has nothing to do with Buadnum / Phychatractes Stimpson for 
'* Fasciolaria ligata^'* etc. Even among the Fulmoniferay where 
Mr. Binney is on his own familiar ground, there are many ineon- 
fiistencies which we cannot suppose that Dr. Gould would have 
approved of, and which can scarcely be in accordance with the ed- 
itor's own judgment. Thus we find the ^^ Jlelixf harpa^^ Say 
atill retained under Say's name, although Mr. Morse has well elu- 
cidated its anatomical and physiological peculiarities, showing 
it to be viviparous and to have many other characters entitling 
it at least to distinct getieric rank, and has established the genus 
Zodgenites for it, which certainly has stronger claims than some 
Dther genera of the same family, which are adopted in this work; 
neither do we see suflicient reasons for retaining Helix striateUa^ 
U. labyrinthica^ IL asteriscus, 11. pulchella^ etc. in the genus He- 
lix^ when H. arborea, H. dectrifia^ H, c/iersina, If. lineafa, etc. 
ire separated as Hyalina. It would have appeared to us l>etter 
^o have retained all the species in the old"gcuws»" HeKx^lWwNj^ 
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have produced such an unphilosophioal mixture of old and new 
ideas as we find in this case and others. 

Finally we inay remark that although this work will prove of 
but little or no use for conveying correct ideas of classification, or 
even of the character of genera, it will nevertheless be indispensa- 
ble and of the utmost value in the determination of the species, 

V. 

12. Nbte$ an American CrfMtacea^ No, 1, Ocypodoidea; by 
SiDXKV L Smith. 8vo, 64 pages, with i lithographic plate& 
From the Transactions of the Connecticut Academy, VoL II, 
April, 1870. — This memoir includes a nearlv complete monograph 
of the American species of Geiasimtts or '' nddler-crabs,'' of which 
21 species are now known from both coasts of America. Of these 
14 are described at length in this paper, including 9 that are new, 
and most of them are illustrated. In addition to these a number 
of new genera and species are described, and of others, previously 
known, more accurate and complete descriptions are given. One 
now family, DiesodactylidoB^ allied somewhat to the P%nnothend(»y 
but differing from that and all other families of Ocypodoidea in 
having a palate or endoAtome which is not divided by a median 
ridge, separating the efferent passages. The plates are equal to, if 
they do not surpass, any that have ever been published for this 
class. Nearly all the figures are copied from photographs made 
by the author. The following are new species : 

Qelasiniita heterophthalnitUy Q. heteropteurtM^ &. prine^My 6. 
arrmitue^ G, omatua, G. pugnax^ G, rapaXj G. mordax^ G, giMo- 
eu8, Cardioaoma craasutn^ Paeudothdphvsa planUy Opiethacera^ 
gen. nov., O, Gilmanii^ Epilobocera armata^ Glt/ptograpstUj gea 
no v., G. impressiiSy Sesarma sulccUa^ S. ocddentcUie^ IS, anguMa^ 
JPrionopliix ciliatua, Euryplax polUuSj Glj/ptopUtx^ gen. nov., ft 
pugnax, Pinnotheres Lithodomi^ Ostracotheres polituSj DiesodaO' 
tyliUy fam. et gen. nov., Z>. nitidtte. 

Those that are redescribed are as follows : 

Gelasimus minax LeConte, G. brevifrone Stimp., &. pugUcAer 
Latr., G, subr^ylindricua Stimp., G, Panamensie Stimp., CardioeO' 
ma guanhumi Latr., C. quadrcUum Sauss., JS^ilobocera Cttbentii 
Stimp., Dilocarcinua 2^^ctus Edw., Sesarma reticulata Say, Ewy- 
plax nitidus Stimp., Pinnotheres margarita Smith, Pinnaxada 
Chileiisis Smith. t. 

13. Monogrqfia del la Famiglia dei Pennatularii ; per U Dorr. 
Skbastiano Riohiardt. From Archivio per la Zoologia TAnato- 
mia e la Fisiologia, Ser. II, vol. i, Turin, 1869, 8vo, with 14 folded 
plates. — In this memoir tiie author has given descriptions of all 
the genera and species of Penuatulacea hitherto discovered. 
When the specimens have not been seen by the author he has 
quoted the original descriptions, but in other cases the descrip- 
tions are quite detailed. The plates are very good and illustrate 
a large number of species, including a considerable number of new 
ones. One new genus, Sceptonidium^ is described, which is allied 
to VirgalaricL, It has short tieshypinnaB, with a wide naked 
space behind *, t\ie a^\% au^viV^T, tW ouly species is & nuMom- 
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yicanum. He reunites the genus, Leioptilum^ to Pennatula, but 
'ecognizes most of the other generic divisions that have been pro- 
>osed. Of B&iincUula he desoiibes 7 species, including one that is 
lew, P. Targioniiy locality unknown ; of Pteroides^ 27 species, 
including the following new ones : P, (rvayi (=zP. grisea Lspor), 
ocality unknown, P. vogtii^ P. ComcUiaB^ P. Clausii, Mediterra- 
aean, jP. Pancerii^ locality unknown ; of Sarccptiltis one, S. granr 
i£0 Gray ; of PtUoaarcus two, P. Qumegi and P, sintAoaus Gray ; 
yf Ralisc^rum one ; of Scytalium one ; of Stylatula 5 species ; 
S,ftnninarchica (Sars sp.), 8, gracilis V., 8, dongata V., 8, mtd- 
mora (Kner, sp.), 8, elegans (Danielsen sp.) ; of Virguiaria 8 spe- 
nes, including two new ones, V. Leuckartii^ North Sea, and V. 
KiUikerii^ Mozambique ; of Lygiis one species ; of Crinillwn one ; 
of Funioidina 8 ; of UmbeUuJUjLria one ; of Kophobelemnon 3 ; 
(rf liituaria 2 ; of Cavemularia 5, including C. Maimeii and C, 
D^ippii^ two new species from unknown localities ; of Verttilr 
han 6 ; of ReniUa 8, It, reniformis^ R, violacea Q. and G., and M. 
sinuata Gray, the last from the Philippines. 

In the eenus ReniUa the author is certainly at fault, owing no 
doubt to utck of specimens of some of our American species. To 
JZL reniformis he unites R. peltata Y., R. DancB V., and R. ante- 
^ysiina V., the last from the Panamian fauna, the others Atlantic. 
Neither of these approach the true reniformis of the Carolina 
ooasts, of which I have examined hundreds of specimens in all 
states of preseryation. The latter never grows so large as either 
of the three, but has larger polyps and many other differences. 
The three species referred to are all more nearly allied to R. violet 
eea than to R. reniformis. There can be no doubt but that these 
three species are all distinct, one from another; it is possible that 
72. Danes may be identical with R, violacea, thougn it does not 
seem probable. The others are beyond doubt good species. To 
IL violacea he unites R, patida Verrill. Between the two forms 
there are certain resemblances and they may possibly prove to be 
the same, but I haye seen no Brazilian specimens that appear to be 
identical with R, paUda, In the Museum of Yale College and the 
Mnsenm of Comparatiye Zo5logy I have studied five distinct 
American species, and admitting that one may be identical with 
JB. violacea^ no further reduction seems admissible. It seems 
quite probable, however, that the number of species of Pteroldes 
might be considerably reduced by a careful study of all the origi- 
nal specimens. A. E. y. 

14. T7ie Butterflies of North America, with colored drawings 
and descriptions ; by Wm. H. Edwards. Part 5. Philjulolpliia, 
Decern., 1869. — Number five of this bcjuitiful work has been con- 
siderably delayed, on account of the plates, and was not actually 
published until April. The })lat.es are (jxcollent, and well sustain 
the character of the work. The following species are illustrated : 
Argynnis Edwardsii ; Colias Eurydice ; Limenitis Lorquini ; 
Orapta JFhvnus ; Lyc<Bna pseudargiolus ; L, neglecta. The 
Synopsis of North American Butterflies includes the species of 
JfathaliSy AnthoeariSy VallidryaSy OonepteryT^ n . 
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TV. ASTRONOMY. 

1. Mements of FklicUas (109), Jrom ohervcUions of thejint 
opposition ; by Wm. A. Rogebs. (Communicated for this Jonr- 
nal, and dated. Alfred Observatory, Alfred Center, N. Y., April 
12, 1870). — From my last Elements, published in the Astronom- 
iache Nachrichten^ the following normal places were obtained, the 
deviations from the Ephemeris being found in the columns marked 
^aJC-O), ^*(C-.0). 

The observations of Hamilton College, Washington, and Chi- 
cago, were kindly communicated in advance of publication. 

Date. a 6 Aa(C-O) AJ(C-O) Observations. 

W M T 

Oct 9-6 14 9 6-0 —1-9 +0-2 Hamilton Col. (9). Alfred (3). 
+ 9 36 4-62 Chicago (2). 

Oct. 29-0 9 36 61-6 ^1*7 —2-8 II. C. (4). Washington (3). 
+ 9 62 17-8 Alfred (7). 

Nov. 10-0 8 26-2 +0-9 —2-8 Wash. (6). Hamburg (I). 
+10 9 61-3 Bilk. (2). Madrid (6). 

Nov. 28-0 8 06 08-8 +2*6 —8-0 Lund (2^. H. C. (2). 

+ 11 08 14-9 Madrid (6). Alfred (8). 

Wash. (5). Hamburg (8). 

Dec. 28 14 27 491 +40 —8-6 Alfi^ (6). H. C. (1). 

+14 21 37-8 Wash. (4). 

1870. 

Jan. 22 24 06 03-4 +6*0 —6-0 Alfred (15). H. C. (2). 

+18 06 49-6 Wash. (4). 

Feb. 22 39 36 26-9 +5*0 —6-4 H. C. (1). Wash. (1). 
+23 01 39-1 Alfred (5). 

From the first, fourth and sixth places, the following elements 
were computed : — 

Oct 90 1869, W. M. T. 

M 839 0-5 45-21 * 

MeanEq. n 55 56 03-25 

1869-0. SI 4 50 04-35 

i 8 02 56-10 

<p 17 27 62-67 

log. a -4304068 

^ 802"-4102 

These elements represent the normals thus : — 

Aa (0-0) A(J (C-0) 

1869. Oct. 9. — 0-r' +0-6'^ 
Oct. 29. —0-4 —0-6 
Nov. 10. +1-0 +0-2 
Nov. 28. +0-4 +1-1 
Dec. 28. — -l-O +1-2 

1870. Jan. 22. +0-1 +0*9 
Feb. ?i^. -V^'^ -VV^i 
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2. On the Periods of certain Meteoric Rings : by Daniel Kirk- 
wood. (Proo. Ainer. Phil. Soc, March, 1870.) — (l.) The Meteors of 
April 2(MA. — ^In the Astronomische Nachrichten, No. 1632, Dr. 
W eu8 called attention to the fact that the orbit of the first comet 
of 1861 very nearly intersects that of the earth, in longitude 210^ ; 
the point passed oy the latter at the epoch of the April meteoric 
shower. A relation between the meteors and the comet, simihir to 
that recently detected between the November meteors and the 
oomet of 1866, was thus sue^ested as probable. Ih this hypothesis 
in harmony with facts? and if not, are our present data suilicient 
for determining with any reasonable probability, the true period 
of the April meteors? 

Dates of the April Shower. — ^Professor Newton selects the fol- 
lowing from Quetelet^s Catalogue as belonging to this period :* 

1. B. C. 687, 4. A. D. 1008, '4 % and '6 

2. ** 16, 6. »' 1122, '8 
8. A. D. 682, 6. " 1808. 

Period of the First Comet of 1861.— The elements of this body 
were computed by Oppolzer, who assigned it a period of 415 y. 4. 
Now while it is true that the interval from B. C. 687 to A. D. 1808, 
18 very nearly equal to 6 periods of 415 years, the slightest exami- 
nation will show that this period does not harmonize with any of 
Me intermediate dates. This fact, then, without further discussion, 
seems fatal to the hypothesis that the period of the meteors is 
nearly eqnal to that of the comet. 

What is the probable period of the ring? — ^The showers of 1003 
—6 and 1122 — 8 at once suggest a period of from 26 to 30 years. 
The nodal passage of the densest portion of the ring at the former 
epoch may be placed any where between 1093 and 1096, and that 
of the latter, in either 1 122 or 1128. The entire interval from B. C. 
687 to A. D. 1808 is 2490 years, or 88 periods of 28*295 y. each; 
and the known dates are all satisfied by the following scheme : 

B. 0. 687 to B. C. 15 672*000 years = 24 periods of 28*000 y. each. 

" 16 to A. D. 582 597000 " =21 " 28-429 " 

A.D. 582 to '*1093-714„..511*714 " =18 " 28429 " 

». 1093*714 to "1122143 28*429 •• = 1 " 28*429 " 

" 1122*143 to " 1803 680*867 ** =24 " 28-369 " 

These coincidences indicate a period of about 28}f years, corres- 
ponding to an ellipse whose major axis is 18*59. Hence the dis- 
tance of the aphelion is very nearly equal to the mean distance of 
Uranus. It will also be observed tnat the time of revolution, which 
seems to have been somewhat lengthened about the Christian era, 
was previously one-third of the period of Uranus. 

(2.) The Meteors of December 11 th-13th, — ^In the catalogue of 
Quetelet we find the four following extraordinary displays which 
belong undoubtedly to this period. Observations made in Eng- 
land. 1 862, indicate also a more than ordinary number of meteors 
at the December epoch in that year. 

^ This Journal, July, 1863. 

t Herrick aasigaed a value of 27 yean. See this Journal, April, 1841, p. 365. 
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1. A. D. 001. '*The whole hemisphere was filled with those 
meteors called falling stars, the ninth of Dhulhajja, (288th year of 
the Hegira) from midnight till morning, to the ereat surprise of 
the beholders, in Egypt.*'--' JlfcM^srnpaH of the UniverBoI HiMaryf 
8vo, vol. ii, p. 281. Lond. 1780. The date of this phenomenon 
corresponds to the December epoch, A. D. 901. 

2. 030. ** Averse remarcjnable d*^toiles filantes en Chine.^ 
8. 1671. " On vit k Zurich * du feu tomber du ciel ' ". 

4. 1880, 1833, and 1886. The maximum seems to have occaired 
in 1 888, when as many as ten meteors were seen simultaneonsly. 
" Dans la nuit du 11 au 12 d^cembre, on vit k Parme une grande 
quantity d'6toiles filantes de difT^Srentes grandeurs, qui se dirige- 
aient presque toutes avec une grande vitesse vers le SSE. A 10 
hcures et }, entre les seules constellations du BSlier et du Taureao, 
on en compta environ une dizaine.'' 

5. (Doubtful.) 1861, 1862, and 1863. Maximum probably in 
1 862. The meteors at this return were far from bein^ companble 
in numbers with the ancient displays. The shower, no wever, wsw 
distinctly observed. R. P. Greg, Esq., of Manchester, England, 
says the period for December 10th-12th was, in 1862, ** exceed- 
ingly well defined." * 

These dates indicate a period of about 20| years. Thus : 

901 to 930. . . . 1 period of 29000 years. 

930 to 1 671 .... 22 periods of 29*186 years. 
1571 to 1833. . . . 9 periods of 29*111 years. 
1833 to 1862 .... 1 period of 29000 years. 

(3). The Meteors of October i5th-2l8t. The showers of the 
following yeare (see Quetelet's Catalogue) belong to this epoch : 

1. 288. "Apparition en Chine." 

2. 1436 and 1439. In each year a remarkable apparition was 
observed in China. 

3. 1743. (Quoted from llerriok, in this Journal for April, 1S41). 
"A clear night, great shooting of stars between 9 and 10 o'clock, 
all shot from S. W. to N.E. [Qu. N.E. to S. W. ?] One like a comet 
in the meridian very largo, and like fire, ^nth a long broad train 
afler it, which lasted several minutes ; after that was a train like 
a row of thick small stars for twenty minutes together, which 
dipped N," 

4. 1798. "Brandos marque, k Goettingue, un grand nombre 
d'^toiles filantes dans les observations simultan^es qu' il fait avec 
Benzenberg." 

These dates indicate a period of about 27^ years : 

288 to 1439 42 periods of 27405 years each. 

1439 to 1743 11 ** 27-636 '* 

1743 to 1798 2 " 27-600 « 

If these periods are correct, it is a remarkable coincidence that 
the aphelion distances of the meteoric rings of April 18th — 20th, 
October 15th — 2l8t, November 14th, and December 11th — 13th, 
as well as those of the comets 1866 (i), and 1867 (i), are all nearly 
equal to the mean dlalaivc^ of Uranus« 
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8. Ab§iraet9 Jirom the Ihpart of the Council (ff the^ Royal 
iMronomieal 8oeuty^ at the fifteenth Annual meetinff, Feb. 1870. 

(1.) Work done with the Photoheliograph at the Kew Observa- 
ory. — ^The fint instalment of the measurements and reductions of 
Jie Kew Sun-pictures taken during the two years 1862 and 1863, 
Mintaining also the areas of the observed groups and an explana- 
ion of the methods followed in the working out of the observa- 
ions, have been published in the last volume of the Transactions 
>f the Royal Society. Nearly 150 separate copies of the paper, 
printed partly at the private expense of Mr. Warren De La Hue, 
were distributed chiefly to foreign observatories, scientific institu- 
dons, and distinguished astronomers and physicists. 

The second instalment, containing the neliographic positions of 
bhe Sun-spots observed firom the beginning of 1864 to the end of 
1866, is nearly ready, and will be presented to the Koyal Society 
at an elurly date during the present session. 

Some investin^ations were also made last year on the influence 
which a refracting medium of considerable density would have on 
tihe apparent size and figure of the Sun, and the time of rotation, 
as oakulated from spots at different latitudes. The preliminary 
d^cussion has led to the conviction that a comparison of the times 
of rotation, as derived from spots while they are near the limb, 
with those deduced from the same spots when near the centor, 
will throw much light on several important questions connected 
with solar phvsics. The matter will be exhaustively investigated 
in the general discussion of the Kew results. 

During the present year it is intended to bring, if possible, the 
work of the measurements up to date. The scarcitv of ppots 
during 1867 and 1868 was such, that the pictures of these years 
may be measured in a comparatively short time; and it is hoped 
that by completing, by the end of tnis year, the observations made 
up to at least the end of 1860, that the greater part of the suc- 
ceeding years may be devoted to as careful a discussion of the 
whole work as is required by the importance of the astronomical 
and physical problems involved in it 

Messrs. De Lia Rue, Stewart, and Loewy, state that the reduc- 
tions of Hofr^th Schwabe's observations are now finished. By 
comparing his observations with those taken by Carrington, and 
also with the Sun-pictures taken at Kew, they arrived at very 
favorable conclusions regarding the accuracv of the delineations 
of the distinguished German observer. Beginning with the year 
1 832, they have measured the spotted area of all his pictures up to 
the time when Carrington's senes commenced. From the results 
obtained they have, first of all, deduced fortnightly views, and in 
the next place, in order to get rid of the more transitory fluctua- 
tions, they have taken a senes of those monthly views correspond- 
ing to the middle and end of each month, from the beginning of 
1832 till the end of May 1868. Putting these results into a graph- 
ical form, they have obtained a curve exhibiting only the irregu- 
larities of comparatively long periods, and from the curve by the 
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ordinary method of equalization, they have deduced an eqoaliied 
curve exhibiting the decimal period of solar distorbancea 

They find therefrom the following epochs of maximnm and 
minimum spotted area : — 



Minimum 

Maximum 

Minimum 



April 21 
Oct. 7 
Feb. 14 



1856 
1859 
1867 



Minimum Nov. 28 1833 

Maximum Dec. 21 1836 

Minimum Sept. 21 1843 

Maximum Nov. 14 1847 

From these dates it will be perceived that (as has been already 
observed) the time between the minimum and mftYimnTif is always 
less than that between the maximum and next minimum. 

It will also be noticed that the whole period is not always of 
uniform length ; nevertheless, judging from what has gone before, 
they believe that they are perhaps entitled to conclude that the 
approaching minimum will not be delayed much beyond the end 
of this year. It ought also to be remarked that, in all the three 
series, the progression from maximum to minimum is not a simple 
progression, but exhibits in each case traces of a secondary maz- 
mium. 

Finally, they have examined these results for traces of the action 
of the planets upon Sun-spots, and pursuing the method indicated 
in their preliminary researches, they derived the following table, 
as exhibiting the evidence deduced from all the observations he- 
tween 1832 and 1868: — 

Belatlve PlaneUry 
Separatioii. 



Between 0° and 30' 



30 
60 
90 
120 
160 
180 
210 
240 
270 
300 
330 



it 
a 
u 
a 



60 
00 
120 
160 
280 
210 
240 
270 
300 
330 




Japlter and Venna— 1 
+ 881 
-w 60 

— 462 

— 579 

— 705 

— 769 

— 893 

— 762 

— 263 
70 

480 



BzceM or Defldencr of Spotted 

If an and Ifercnry. 



+ 1134 



+ 1675 

— 139 
-1665 
—2355 
—2318 
—1604 

— 481 
+ 547 
-- 431 
-- 228 
-4-1318 
+ 2283 



From this table there appears to be an excess of solar activity 
when either Jupiter and Venvs or Mara and Mercfwry are together, 
and a deficiency when they are 180° apart. We see also 
that the progression of the numbers is regular in each case and 
very similar in the one case to what it is in the other. 

(2.) Spectrum AncUyais, — Our Fellow, Mr. Lockyer, has pursued 
with great diligence and success his spectroscopic researches on 
the Sun. Since the last Report he has found that several other 
substances besides hydrogen are occasionally to be detected above 
the photosphere, namely, sodium, barium, magnesium, and iron. 
The presence of the bright lines of these substances rising above 
the photosphere, and associated with the bright lines of hydrogen, 
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Bfr. Lockyer regards as indicating a state of disturbance of the 
solar matter, greater than was present at the time of his earlier ob- 
servations. \ rom a slight alteration in refrangibility of the bright 
lines of hydrogen, as shown by their want of perfect coincidence 
with the corresponding lines of absorption, Mr. Lockyer believes 
that he has eviaence of rapid currents in the solar matter, some- 
times attaining a velocity of 40 miles per second in a vertical di- 
rection, and a velocity ot 120 miles per second in a horizontal or 
cyclonic direction. He considers that his observations support 
the conclusion that ^Hhe chromosphere and the photosphere form 
the true atmosphere of the Sun, and that under ordinary circum- 
stances, the absorption is continuous from the top of the chromo- 
sphere to the bottom of the photosphere.'' In these observations 
Mr. Lockyer is accumulating a store of facts, upon which we may 
hope to base a more complete theory of the constitution of the 
Son than we now possess. 

(3.) Lxvnar RaaicAi(m, — After stating the results of Lord Rossc's 
observations upon Lunar Radiation which are given in this Journal, 
(voL xlviii, p. 436), the council so on to say: 

Some later observations have been made upon the same subject 
in Paris, respectively by M. Bailie, at the £cole Polytechnique, 
and M. Mari6-Davy at the Paris Observatory. The former cm- 
ployed a concave mirror of 39 centimeters aperture to condense 
the Moon's rays upon his pile, and also made use of a Thomson's 
galvanometer. Tne one conclusion at which he arrived was, that 
the full Moon, at Paris and in the summer months, gave as much 
heat to his pile as a radiating surface 6*5 centimeters square, main- 
tained at boiling-water temperature and placed at a distance of 
35 meters. M. Mari6-Davy nas published results of two series of 
measures secured during the lunations of October and November 
last. The first were made with a pile attached to a 9-inch equa- 
torial refractor, the second with an 8'inch mirror; the object-glass 
in the former case having been found to intercept a large propor- 
tion of the heat-rays. iK. Mari6-Davy's measures confirm those of 
Lord Rosse. They show that the heating effect of the Moon in- 
creases with the illumination of the visible disk. Between October 
9, when the Moon was four days old, and October 20, when it was 
full, the measured heat of the condensed beam of moonlight in- 
creased from 0°-00017 (centigrade) to 0°-00287. If this last num- 
ber be divided by the ratio of the area of the concentrated image to 
the area of the object-glas-i, we have twelve-millionths of a centi- 
grade degree as the direct heating j)ower of the full Moon at the 
Earth's surface. This is the result ^ven by the object-^lass, that 
afforded by the mirror is about six tmies as great. It will be seen 
that M. Mari6-Davy has converted his galvanometer indications 
into centigrade equivalents : how this conversion was effected, and 
how the constancy of the scale indications is secured, if it is secured, 
we are not informed. He confirms Lord Rosse's inference that the 
proportion of solar to lunar radiation is about as 80000 to 1, and 
A3C Jour. Sol— Sbcond Sbbibs, Vol. XLIX, No. 147.— Mat, 1870. 

27 
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likewise ooncludee that the Moon imparts to us no heat from an 
internal or oosmioal source. Further, he infers that the diffustve 
power of the lunar surface is considerable, at least equal to that 
of the least colored of terrestrial rocks; and he finds that the 
lunar heat by reason of its large percentage of obscure rays is 
fBLT more impressionable by atmospheric humidity than that from 
tiie Sun. 

It will be remembered that Professor Smyth, in his Teneriffe 
experiments, determined the heating power of the full Moon to be 
equal to one-third of that of a Prioe^s candle at a distance of 14 
feet 9 inches. M. Mari^Dayy finds that such a candle at such a 
distance affects his pile to the extent of 0^*00076 centigrade, which 
he conceives to be the heating power of the Moon upon the summit 
of Teneriffe, upon the supposition that the heat emitted by the 
respective canale-fiames was sensibly the same. 

(4.) Seating Poioer of the Stars, — ^The experiments upon this 
subject, commenced by Mr. Stone with the great Equatorial of 
the Greenwich Observatory, in the year 1868, and mentioned in 
the last Annual Report, were continued as weather permitted dar- 
ing 1869. In pursuing them, Mr. Stone was led to the construction 
oi a thermopile which there is good reason to believe will prove 
of value in tnermometric researches other than those of the class 
for which it was specially prepared. His early trials convinced 
him that it was almost impossible to distinguish the feeble currents 
generated by stellar heat from the erosser effects produced upon 
the pile by exposure of one face within the telescope tube and the 
protection of the other face outside the telescope tube. It was 
evident that to maintain the pile in thermal equilibrium its two 
faces must be exjxMsed to precisely similar atmospheric infiuences. 
' Mr. Stone therefore resorted to what in effect may be described as 
a horse-shoe pile, the two faces of which being similarly prescDted 
to the object-glass of the telescope were affected alike by msturbing 
causes, whether these took the form of draughts of air or cooling 
of the metals of the pile by radiation. By this arrangement the 
whole heat of a star's image oast upon either face of the pile man- 
ifested itself 7>^r «<\ Decided indications of heat from Arcttirns 
and « Lynf were thus obtained on several nights. The amounts 
were measured by a reflecting galvanometer; and by a somewhat 
tedious process the galvanometer indications were converted into 
Fahrenheit-scale equivalents. It was found that the heating effect 
of Arcturus^ after allowing for absorption by the object-glass, was 
0*000001 3 7 of a Fahrenheit degree; that ot o Lynx being about 
two-thirds of this amount Otherwise expn»ssed, the heat from 
Arcturu8^ at an altitude of 25° at Greenwich, is about equal 
to that from a three-inch cube of boiling water at a distance of 
400 yards, while from a Lyne it is equal to that from the same 
cube at 600 yards. Mr. Stone conceives that the difference of 
heating power may be connected in cause with difference of color. 
He finds that the manifested heat diminishes rapidly as the amount 
of moisture in the air increases, and that all sensible effect is cut 
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oS by the slightest cload or haze. The details of the investiga- 
tion are published in the Proceedings of the Royal Society for Jan- 
uary, 1870. 

(6.) Traneit of Venue^ 1874. — The preparatory arrangements, 
for the observations of the transit of VenuSy 1874, are sufficiently 
advanced to encourage us to expect* most important additions to 
the data already collected for the determination of our fundamen- 
tal astronomical unit of length. The British Gk>vemment has 
already placed at the disposal of the Astronomer Royal sufficient 
funds for the equipment of five stations, each with an Altazimuth 
and Transit, for the determination of longitude and local time, and 
with two telescopes, one of which is to be of six inches aperture, 
and to be provided with driving power. Four of the larger in- 
struments have already been obtained, and the Transits and Alt- 
azimuths are in actual progress in the manuiactory of ^lessrs. 
Troughton and Simms. The second telescope at each station will 
be of four inches aperture^ 

The present intention appears to be to place the British obsei-vers 
at Keignelen's Island, Oabu, Aucklana in New Zealand, Alex- 
andria, and Rodriguez. 

A Commission, consisting of Admiral Paris, MM. Faye, Laugier, 
Yillarceau, and Puiseux, has reported to the Bureau des Longitudes 
that it would be particularlv desirable for the French astrono- 
mers to occupy the Islands oi St. Paul and Amsterdam, Yokoha- 
ma, Tahiti, Noumea, Mascate and Suez. 

The North German astronomers have referred the consideration 
of the action which they should urge upon their Government, to a 
Conmiittee, of whom the illustrious astronomer of Gotha was 
elected chairman. 

This Committee appear to lay ^reat stress upon the employment 
of heliometers for fixmg the relative position of Venus on the Sun 
at the different stations. 

Equatorials with driving power for the eye-observers were to be 
of 6 feet focal length and 52 lines aperture. The employment of 
photography and spectroscopic observations was discussed. The 
chief objection to the employment of photography appeared to be 
in the question of expense, although Professor Argelander was 
not satisfied with the degree of accuracy which might be expected 
from it. The further consideration of this question was, however, 
deferred to a sub-committee. Spectroscopic observations were 
proposed only to indicate the approach of the planet for the obser- 
vation of external contacts. The Committee recommended that 
the Government be urged to fit out four expeditions, — two to the 
North and two to the South. The stations specially referred to as 
favorable were, Nertschinsk, Hakodadi, Kerguelen, Edwards', 
Crozet^s and Auckland Islands, and in certain respects Mauritius. 

The Russian territories offer most valuable positions for the loca- 
tion of observers. These stations are certain to be well occupied 
by the Russian astronomers. The Director of the Imperial Ob- 
servatory at Pulkova has already secured a Committee for the con- 
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siderstion of a proposition to establish a chain of observers across 
the country from Kamtschatka to the Black Sea, at intervals of 
about 100 miles. This appears desirable on account of uncertain- 
ties connected with the atmospheric conditions in the month of 
December. 

It is to be hoped that, for tlft same reason, there will not be a 
too great crowding of the observers toward one or two points, in 
other regions, to the exclusion of others of nearly equal import- 
ance ; and that, in this matter at least, after the best consideration 
has been given the subject, we may all adopt instruments of not 
very unequal power, and attempt to make the same class of obser- 
vations in the same way. Uniformity in these observationB means 
success ; want of uniformitv, comparative failure. 

8. Star-Drift ; by R. A. Proctor. — With referrence to the 
accompanying account of my paper on this subject, recently com- 
municated to the Royal Society, it is to be remarked that the 
interest, if any, attacning to my results must be founded on the 
way in which they bear on received theories respecting the dis- 
tribution of the fixed stars. It is quite evident that according to 
the views usually accepted, the stars which appear in any part of 
the heavens must be regarded as situated at very different distances 
from the eye ; the faintest nine or ten times fEtrther from us, at the 
very least, than the brightest, and the different stars altogether too 
&r apart to exert any mfluence on each other. Indeed, whatever 
theory we may hold respecting stellar distribution, regarded gene- 
rally, we must be prepared to recognize in the stars seen toward 
any part of the sky, objects which lie at very different distance*. 
And regarding these objects as severally in motion, we must be 
prepared to find in general the utmost diversity, not only as re- 
spects the direction of the apparent motions of the stars, but 
also as respects the magnitude of these motions. It is only when 
one has adopted the theory that the stars are grouped according 
to special laws of aggregation, that one would be led to anticipate 
that here and there, almost as by accident, so to speak, some indi- 
cations of their grouping might be discoverable in the characteris- 
tics of the stellar proper motions. Although I had become firmly 
convinced that the stars are not distributed throughout space witn 
any approach to that general uniformity insisted on oy many 
astronomers, I had very little hope that a suggestion I threw out 
a year ago in the pages of the Student^ that the stellar proper 
motions if examined carefully might afford evidence in favor of 
my views, would be confirmed in any very distinct manner if the 
method I had pointed out should ever be applied. I knew that a 
certain community of motion in the constellation Taurus had led 
M&dler to impoitant, but as I judged incorrect conclusions as to 
the nature of the stellar motions ; but I also knew that that com- 
munity of motion was one which could only be appreciated by the 
few who had convinced themselves of what was to be expected if 
the stars were uniformly distributed. I had an impression at that 
time that M&dler had examined the stellar proper motions over 
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the whole of the northern hemisphere, and that it was the excep- 
tional community of proper motion in Tauras which had led him 
to form his well-known theory respecting a central sun. It was 
only when I was reminded that he nad in fact examined the stellar 

{)roper motions in the neighborhood of Taurus alone, having been 
ed by independent considerations to regard that neighborhood as 
that within which a central sun was to be looked*for, that I was 
encouraged to map down all the recognized proper motions. To 
my surprise I found that in Gremini, Cancer, and Leo, a community 
of motion far more striking than that noticed by M&dler in Taurus 
was to be recognized ; and further, that though in other directions, 
as I had expected, stellar motions belonging: to different depths in 
space were intermixed, it was yet possible to trace out laws of 
association indicating the existence of drifting star-groups in these 
directions also. 

I lay very little stress on the indications which have led me to 
name the great double cluster in Perseus as more likely to be an 
important center of motion than the Pleiades. But it is worthy 
of mention that M&dler required a star on the Milky Way as the 
center of the galaxy, and Alcyone does not lie on the Milky Way ; 
he required Ins center to lie ninety degrees from the apex of the 
solar motion, and Alcyone does not lie ninety degrees from the 
mean of the last determinations of that point. The great cluster 
in Perseus fulfills both conditions in the most perfect manner. 

A careful examination of the proper motions of all the fixed 
stars in the catalogues published l)y Messrs. Main and Stone 
(Memoirs of the Koyal Astronomical Society, vols, xxviii and 
and xxxiii) hab led Mfr. Proctor to the conclusion that in parts of 
the heavens the stars exhibit a well-marked tendency to drit\; in a 
definite direction. " In the catalogues of proper motions, owing 
to the way in which the stars are arranged, this tendency is 
masked ; but when the proper motions are indicated in maps, by 
affixing to each star a small arrow whose length and direction 
indicate the magnitude and direction of the star's proper motion, 
the star-drifl (as the phenomenon may be termed) becomes very 
evident. It is worthy of notice that Madler, having been led by 
certain considerations to examine the neighborhood of the Pleiades 
for traces of a community of proper motion, founded on the drift 
he actually found in Taurus his well known theory that Alcyone 
(the lucida of the Pleiades) is the common center around which 
the sidereal system is moving. But in reality the community of 
motion in Taurus is only a single instance, and not the most strik- 
ing that might be pointed out, of a characteristic which may be 
recognized in many regions of the heavens. In Gemini and Cancer 
there is a much more striking drift towards the southeast, the 
drift in Taurus l)eing towards the southwest. In the constellation 
Leo, there is also a well-marked drift, in this case toward Cancer. 

" Tliese particular instances of star-drift are not the less remark- 
able, that the stars are drifting almost exactly in the direction due 
to the proper motion which has been assigned to the sun, because 
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the recent researches of the Astronomer Royal have abundantly 
proved that the apparent proper motions of the stars are not to w 
recognized as principally due to the son's motion. Mr. Stone has 
shown even that we mast assign to the stars a larger proper mo- 
tion, on the average, than that which the snn possesses. Looking, 
therefore, on the stars as severally in motion, with velocities ex- 
ceeding the suit's on the average, it cannot but be looked upon as 
highly significant that in any large region of the heavens there 
shoula be a community of motion such as I have described. We 
seem compelled to look upon the the stars which exhibit such com- 
munity or motion as forming a distinct system, the members of 
which are associated indeed with the galactic system, but are mnch 
more intimately related to each other. In other part« of the 
heavens, however, there are instances of a star-drift opposed to the 
direction due to the solar motion. A remarkable instance may be 
recognized among the seven bright stars of Ursa Major. Of these, 
the stai*s |?, 7, ^, 0, and C are all drifting in the same direction, and 
almost exactly at the same rate towards the * apex of the solar 
motion,' that is, the point from which all the motions due to the 
sun's translation in space should be directed. If these five stars, 
indeed, form a system (and I can see no other reasonable explana- 
tion of so singuutr a community of motion), the mind is lost in 
contemplating the immensity of the periods which the revolutions 
of the components of the system must occupy. M&dler had 
already assigned to the revolution of Alcor around Mizar (C Urs«) 
a period ot more than 7000 years. But if these stars, which 
appear so close to the naked eye, have a period of such length, 
what must be the cyclic periods of the stars which cover a range 
of several degrees upon the heavens ? In like manner the stars 
a, ^, and y Arietis appear to form a single system, though the mo- 
tion of o is not absolutely coincident either in magnitude or direc- 
tion with that of ^ and y, which are moving on absolutely parallel 
lines with equal velocity. Tliere are many other interesting cases 
of the same kind." The author hopes soon to be able to lay before 
the Koyal Society a pair of maps in which all the well-rer.ognized 
proper motions in both hemispheres are exhibited on the stereo- 
graphic projection. In the same maps also the effects due to the 
solar motion are exhibited by means of great circles through the 
apex of the solar motion, and small circles or j)arallels having that 
apex for a pole. The star-dnfl described by Mr. Proctor serves to 
explain several phenomena which had hitherto been thought very 
perplexing. In the first place, it accounts for the small oflect 
which the correction due to the solar motion has been found to 
have in diminishing the sums of the squares of the stellar proper 
motions. Again, it explains the fact that many double stars which 
have a common proper motion, appear to have no motion of revo- 
lution around each other ; for clearly two members of a drifting 
system might appear to form a close doable, and yet be in reality 
far apart and travelling, not around each other, but around the 
center of gravity of the much larger system they form part of 
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While mapping the proper motioiiB of the stars, Mr. Proctor has 
been led to notice that the rich cluster around x Persei falls almost 
exactly on the intersection of the Milky Way with the great circle 
which may be termed the equator of the solar motion ; that is, the 
great circle having the apex of the sun^s motion as a pole. This 
circumstance points to that remarkable cluster, rather than to the 
Pleiades, as the center of the sidereal system, if indeed that sys- 
tem has a center cognizable by us. When we remember that for 
every fixed star in the Pleiades there are hundreds in the great 
cluster in Perseus, the latter will seem the worthier region to be 
the center of motion. The author is disposed, however, to 
regard the cluster in Perseus as the center of a portion of the 
sidereal system, rather than as the common center of the Galaxy. 
— Nature^ No. 8, March 3. 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. NationcU Academy of Sciences: Idst of Papers read at the 
Meeting in Aprils 1870, o^ Washington^ D. C. — 

On the measurement of wave-lengths by means of indices of re- 
fraction ; by Dr. Wolcott Gibbs. 

On the coming Transits of Yenus, and the mode of observing 
them ; by Pro£ Simon Newcomb. 

Meridional arcs measured in connection with the U. S. Coast 
Survey ; by Prol J. K Hilgard 

The Relations of the four Archetypes of structure of the Animal 
Kingdom, as parts of one Life System ; by Prof. A. Guyot. 

Observations on the Measurement and Iconography of Crania ; 
by Dr. Geo. A. Otis, TJ. S. A. 

The northmen in Greenland ; by Dr. L L Hayes. 

Considerations on the apparent ineaualities of long period in the 
moon's mean motion, and on the possible variability of the sidereal 
day ; by Prof Simon Newcomb. 

On the deviation of Compasses in iron-clad ships ; by Prof. Wm. 
Harkness, XJ. S. N. 

On Artificial deformation of Skulls ; by Dr. Geo. A. Otis, TJ. S. A. 

On the proposed Astronomical observatory in the Argentine Re- 
public ; by Dr. B. A. Gould. 

Scientific operations now in progress by the Smithsonian Insti- 
tution ; by Prof. Joseph Henry. 

On the comparison of Barometers ; by Dr. B. F. Craig. 

On the influence of the interior structure of the earth, on pre- 
cession and nutation ; by Gen. J. G. Barnard, U. S. A. 

Reduction of photographic observations of Praesepe ; by Dr. B. 
A. Gould. 

On the Lignites of Western America ; by Dr. J. S. Newberry. 

On the use of certain Artificial lights in photographing obiects 
as seen with the microscope ; by Dr. J. J. Woodward, U. S. A. 

On the classification of Clouds ; by Prof. Poey. 

New breeds of Hardy Silk Worms, which feed on the " Ailan- 
thus and Oaks," and the importance of their introduction vcAa ^\^^ 
countr/ as a future industry ; by 3. Q. A. 'W^iXt^xs.. 
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On some of the phenomena attending the great tornado tbnn- 
der-8torm of Iowa and Ulinois, of June 3rd, 1860; by Wm. L 
Nicholson. 

Astronomical Photography ; by Lewis M. Rutherford. 

Classification of Manmials ; by Theodore Gill. 

Redemption periods of life-annuities and reversions ; by E. B. 
Elliot. 

Description of a new binocular for the Microscope to be used 
with high powers ; by F. A. P. Barnard. 

Report on Metric Standards ; by J. E. Hilgard. 

The Basalts of Oregon, Washington, and Idaho; by R W. 
Raymond. 

On the polarization of the atmosphere ; bj Prof. Poey. 

A new lorm of Quartemions ; by Benjamin Peirce. 

2. 77ie Mean Pressure of the Barometer and the Prevailing 
Winds over the Globe for the Months and for the Year, Part II; 
by Alexander Buchax, M.A., F.R.S.K, Secretary of the Scottish 
Meteorological Society, <fcc. 64 pp. 4to ; (from the transactions of 
the Roy. Soc. of Edinburgh, voL xxv.)— This memoir presents the 
results of a most important research with regard to the lines of 
equal barometric pressure, or isobaric lines, over the globe. The 
results as regards the months of January and July are given by 
the author on maps in his Handy Book on Meteorology published 
two years since. The paper here issued contains the maps for each 
of the twelve months, and also another for the means of the year. 
We cite a few paragraphs giving some of the conclusions. 

Distribution of Atmospheric Pressttre^ in December, January, 
a/rid February, — In these months, the highest pressures are grouped 
over the land portions of the northern hemisphere, and the larger 
the extent of the land the greater is the pressure. The are^ of 
high barometer (30 inches and upward) embraces nearly all Asia ; 
all Europe, south of the North and Baltic Seas; the North Atlan- 
tic, between 15" and 45° lat; the West Indies; North America, 
except the north and northwest ; and the North Pacific, between 
8® and 24° lat. There are also two regions of high pressure of 
comparatively small extent — the one in the South Atlantic, and 
the other in the South Pacific. 

The regions of low pressure are the northern portions of the 
North Atlantic and of tne North Pacific, including portions of the 
continents adjoining; the belt of low pressure in the equatorial 
regions, towards which the trade winds dIow ; and the remarkable 
depression in the Antarctic regions, which probably is subject to 
little variation throughout the year. 

In March, pressure diminishes over Asia, the middle and south 
of Europe, and the United States of America. Everywhere else, 
except in the tropics, it is rising. This rise of pressure is most ap- 
parent in the temperate regions of the southern hemisphere. In 
the north of the Atlantic it is rapidly rising, the average ])ressure 
in Iceland now being 29*609 inches, thus showing an increase of 
0*34 inch as compared with January. 
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In Aprily the heavy lines showing a pressure above the average 
have now all but left Asia, Europe, and the United States, and the 
isobars of 30 inches bound a belt of high pressure which completely 
encircles the globe in the south temperate zone. Pressure con- 
tinues to rise in the north of the Atlantic, and to the north of 
North America, and it is probable that a space of high pressure (at 
least 30 inches) surrounds the North Pole. In this month pressure 
is more equally distributed over the globe than in any other month ; 
for, excepting the Antarctic Ocean, it scarcely rises anywhere above 
30-1 inches, or falls below 29'8 inches. 

In May^ in the north of Europe, in Greenland, and in the north 
of America, atmospheric pressure attains the maximum of the 
year. Pressure continues to increase over the south temperate 
zone, and the isobar of 80*1 inches now nearly extends round the 
globe. At this time the highest pressure in the southern hemis- 
phere occurs in the southeast of Australia, where, at Deniliquin, it 
18 30*185 inches. Pressure is rapidly falling over Asia and the 
United Statea 

In June^ July and ^t/^rt^^, pressure falls in the central regions 
of Asia to about 29*5 inches, m this season this great diminution 
of pressure, which may be regarded as absolutely determining the 
sunmier climates of Asia, reaches its lowest point. Pressure falls 
also in the interior of North America, where at Utah, Great Salt 
Lake, it is only about 29*7 inches. The annual maximum of the 
south temperate zone is attained in these months. The isobar of 
30*1 inches goes completely round the globe, and a still higher 
pressure prevails over the south of Africa, and over those parts of 
the Scean immediately to the west and east of it. In these months 
the arrangement of the isobars may be regarded as being, gene- 
rally speaking, reversed from that of December, January, and 
February, and on this account a comparison of these two groups 
of months is very instructive. 

From this period, pressures increase over the continents of the 
northern hemisphere, and diminish over the south temperate zone, 
till the distribution of pressure is regained, which has been already 
shown to prevail dunng the winter months. In September and 
October^ an interesting feature of these lines is a very rapid dimi- 
nution of the pressure indicated as taking place in the north of the 
Atlantic and adjoining regions. This is the season of the year 
when the first great decrease of temperature takes place, which is 
accompanied by heavy rains and furious storms. The increase of 
pressure in Sweden in October, taken in connection with the 
simultaneous decrease in Greenland, Iceland, north of Norway, 
and the British Islands, is interesting, as bearing on the trans- 
ference of masses of the atmosphere from one region to another. 

In N^oventber^ pressure rises considerably over the continents of 
the northern hemisphere, and falls in the south temperate zone; 
and the belt of low pressure in the equatorial regions may be re- 
garded as now passing completely round the globe. This belt, 
towards which the trades on each side of the equator blow^ does 
not occur in the summer months in the lnd\2k,tk Og%wcv\ \i\>\.^ wv >^^ 
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contrary, there is a continuous diminution of pressure northward, 
from Australia and Mauritius to the interior of Asia. It will be 
seen that in November, as compared with October, the isobars 
have advanced a little northward from the British Isles to Ice- 
land, and eastward from Baffin's Bav to Iceland, thus indicating 
a general increase of pressure over the north of the Atlantic and 
regions adjoining. Comcident with this increase of pressure, there 
occurs a diminution of pressure to the southeast of it, including 
Austria, Italy, and countries adjoining the Mediterranean ; and in 
the Atlantic to the south of it, from about latitude 46** to 15°N. 
Probably these extensive oscillations of the pressure are parts of 
one general movement of the atmosphere, which in one of its mani- 
festations has been long known to meteorologists under the name 
of the great No"^ember wave, but of which no very satisfactory 
account has yet been given. 

In addition to these changes in the monthly distribution of the 
pressure, it is probable that a system of low pressures traverses the 
continent of Africa, following the sun's course; but since the 
grounds of this supposition have been recently laid before the So- 
ciety, in a paper on " The Determination of Heights, chiefly in the 
the Interior of Continents, by Observations of Atmospheric Pres- 
sure,"* it is not necessary to reproduce them here. The probable 
pressure for the months is shown on the separate charts. 

3. Royal Society of London, — ^Fifty-three candidates have 
offered themselves for the fellowship of the Royal Society during 
the present session, and in June next fifteen out of the number 
will be elected. — AtJienoeum^ March 12. 

4. Prizes for Comets, — The Academy of Sciences at Vi&na 
have offered eight gold medals for the discovery of as many com- 
ets during the coming three years, — Athen,^ ibid. 

Obituary. — Magnus, of Berlin, the physicist, died in that city, 
on the 4 th of April. 

VI. MISCELLANEOUS BIBLIOGRAPHY. 

1. Hand Booh of the Sulphur-Oure as applicable to the Vine 
disease in America, a)id diseases of AppU and other Fruit Trees; 
by William J. Flagg, author of "Three Seasons in European 
Vineyards." 100 pp. 12mo. New York, 1870. (Harper «fc Broth- 
er). — Mr. Flagg is the proprietor of extensive vineyards in Ohio, 
and has devoted much study to the management of vines, in health 
and in disease. Those who have read his lively " Three Seasons " 
need not be told that he handles his theme with point and vivac- 
ity, as well as with a discriminating judgment. Mr. Flagg makes 
no claim to a scientific knowledge of microderms, but he clearly 
shows, Ist, that mildew in the grape is always due to a fungus 
growth, and 2d, that this fungus, whether Oidium^ Erysephe^ or 
another genus, is certainly destroyed by the early and thorough 
apj»lication of flour sulphur. Every cultivator who reads the 
* Hand Book,' must at least accept the author's closing words, and 
" try it" It is probably a Tm«^Y\i\t which states the " gramme" 
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on p. 50 to be about 23 grains, m place of 15*43 grains. As it 
clearly appears that sulphur, in a very fine state of Bubdivision, is 
much preferred to even finely pulverized roll sulphur, ground in a 
mill, would it not be well to try the precipitated sulphur of the 
Pharmacopeia (ndphur preeipitatum) ** lac sulphur ** or " milk of 
sulphur," which is an impalpable non-crystalline powder, and en- 
tirely free of the acid which contaminates fiour sulphur, and which 
is often hurtful to the delicate leaves of the growing grape. 
Every farmer could prepare his own product. 

2. The Chemical Forces, Beat, Light, Electricity, with Aeir appli- 
cations to the eocpansion, liqxufaction, and vaporization of Solids : 
the Steam JEngine : Photography: Spectrum analysis: the Oalvanic 
battery: Electro-plating: the Electrical Rumination of Light- 
Houses: the Fire Alarm of Cities: the Atlantic Telegraph: an In- 
troduction to Chemical Physics, designed for the use of Acade- 
mies, Colleges, and Medical Schoola Illustrated with numerous 
engravings, and containing copious lists of experiments, with di- 
rections for preparing them. By Thomas Ruggles Pynchon, M. A., 
Scovill Professor of Chemistry and the Natural Sciences, Trin- 
ity College. 534 pp. 12mo. Hartford, 18Y0. (O. D. Case & Co.)— 
Prof Pynchon's Dook is designed chiefly for a class of readers 
who would be unable to follow him with the aid of mathematics. 
*' All matters of which a knowledge could equally well be obtain- 
ed from any good treatise on Natural Philosophy, have been omit- 
ted," the author tells us in his Preface : — a statement which appears 
hardly sustained by the rather copious list of " subjects which 
have been most carefully elaborated," commencing with 'heat,' 
and embracing pretty much the usual range of physical topics. 
The work is very neatly printed, and while it is not well adapted 
to the accurate drill of the recitation room, it is a good vade me- 
cunh for a course of lectures on chemical physics, and for the use 
of the general reader, containing a large amount of useful and in- 
teresting information on various cognate physical subjects. 

3. The Life of John James Audubon^ the Naturalist. Edited 
by his Widow, with an introduction by Jamks Gbant Welson. 
443 pp. 12mo. New York, 1870. (G. P. Putnam & Son.)— This 
channing biographical sketch of Audubon is an abridgment of a 
much more extended memoir prepared by Mrs. Audubon, and sent 
in 1867 to a London publishing house, who employed Mr. Robert 
Buchanan to prepare a single volume containing about one-fifth of 
the original manuscript. The American edition contains some 
additions, and suppresses several objectionable passages inserted 
by the London editor. Audubon was a wonderful combination of 
artist, naturalist, and enthusiast, fused into an intense individuality 
by a strong will, and gilded by heroism and poesy. 

American ornithology has always been fortunate in its histori- 
ans and devotees, among whom the names Wilson, Nuttall and 
Audubon must always stand preeminent; and this loving tribute of 
a devoted wife, who was always the sympathizing companion of 
her husband, will revive in the present generation «io\x^^lVi\s!i% ^\ 
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the admiration for the genioB of Audubon, which his gentle voice 
and child-like simplicity ever kindled in his contemporaries. 

Audubon kept a copious journal of his daily life, from which 
much of the present volume is drawn, and its perusal excites the 
hope that in due time we may see the entire work, of which this 
sketch may be considered as only the precursor. Inman's spirited 
portrait of Audubon, engraved by Hall, prefieices the volume, which 
IS in all respects worthy the good taste of the publishers. s. 

4. A Physician^ 8 Problems; by Charles Elam, M.D. pp. 
400, 12mo. 1869. Boston, (Fields, Osgood & Co.) — ^This is a 
carefully written and philosophical discussion of some of the 
most important 'Problems' wnich can engage the attention of 
the medical man« The list of topics discussed is sufficiently sosr- 
eestive. L Natural Heritage ; IT. On Degeneration in Man ; lu. 
On Moral and Criminal Epidemics; IV. Body; V. Mind; VL 
Illusions and Hallucinations ; the demon of Socrates ; the amulet 
of Pascal ; VIL On Somnambulism ; VIIL Revery and Abstrac- 
tion. This book addresses a much larger class of readers than 
that to which it is specially addressed, and while the author's 
views may not be universally accepted, his discussion of them is 
scholarly and always interesting. s. 

PaliDontology of the Geological Survey of New York, hj James HalL YoL lY, 
Part 1. 428 pp. 4to, with 69 plates. Albany, N. Y. 1870. 

Handbook of Zoology, with examples from Canadian species, recent and fosaiL 
By J. W. Dawson. Part I. — Invertebrata, with 275 illustrations. 224 pp., 12mo. 
Montreal. 1870. 

Mj^Proceedinos and CJommusications Essex Institute, YoL YI, Part 1. — p. 1, 
Description of Mexican Ants noticed in the Amer. Nat, April, 1868; E. Norton. — 
p. 10, PhalangetB of the United States; ff. C. Wood. — p. 41, Insects inhabiting 
Salt Water; A. S. Packard^ Jr. — p. 51, S3mopsi8 of the Poljps and Corals of the 
North Pacific Exploring Expedition ; A. E. VerriJL 

An.vals Lyceum Nat. Hist., New York, Vol IX, No. 9. — p. 281, Notes on 
the Lingual Dentition of Mollnsca, No. 1 ; W. G. Binney, T. Bland. — p. 298, Notes 
on 8)[)ecie8 of the family Corbiculadai, T. Prime. — p. 301, Review of the Fish of 
Cuba belonging to tlie genus Trisotropis. with an Introductory Note by J. C. Bre- 
voort; F. Poey. — p. 309, Note on the Hemaphroditism of Fish; F. Poey, — p. 310, 
Lepidopterological Mi8collani<»8, No. 2 ; C, T. Robinson. 

Proceedincjs Acad. Nat. Sci., Philadelphia, Nos. 2. 3, 1869. — ^p. 83, Remarks 
on the Blastoidoa, with Descriptions of New Species; F. B. Me^k, A. EL Worlhen,— 
p. 93, Ro\iow of the species of the Plethodontidae and Desmog^nathidse ; E D. 
Cope. — p. 119, Further Notes on Microscopic Crystals in som«» (Jems; /. Lea^—^ 
121, Sexual Law in tlie Conifonc; T. Meehan. — p. 124, Descriptions of six new ppe- 
cies of Fresh Water Shells; / />a.— p. 125, Notice of some obscurely known spe- 
cies of Americ:in Birds; R. Ridgxoay. — p. 137, Descriptions of new Carboniferous 
Fossils from tlie Western States. — p. 173, Auroral Display of April 15, 1869; J. 
Ennis. — p. 176, On the production of Bractea in Larix; T. Meehan. — p. 180, On 
Yariation in the genus ^giothus; E. Cowes. — p. 189, Law of Development in the 
flowers of Ambrosia artemisiaefolia ; T. Meehan. — Bioix)Oical and Microscopical 
Department. — p. 5, Sections of Hard Tissues and other substances for the Micro- 
scope ; C. Johnson — p. 1 1, Machine for grinding sections of hard substnnces for 
Microscopic purposes. — ^p. 15, Desmids from Saco Pond, N. Hampshire; H. C. Wood. 

Proceedings Boston Soc. Nat. Hist., YoL XIII. — p. 196. On the Parallel 
Ridiros of Ghicial Drift in Eastern Mass.. with some remarks on the Glacial Period, 
K S. Shaler.—^. 206, Description of Nest of White Ant; F. MdUer, H. Hagtn.— 
p. 206, Genital Armature of Butterflies; S. U. Scudder.-^p. 209, Notes on Diato- 
macete ; A. M. Edwards, — ^p. ^1\. Beocrvvtion of the Larva and Chrysalis of Papilio 
ButuJua; S, H. SciuJder.— p. 11% TtA '^Yiosj^t^Xft 'a^^ ^^ %ss3iiSQ.Q»!«JjssA; .V. S. 
Shaler. — ^p. 236, E^ileptoTYiamv\l\la\o^i^vw^s^^o^ 
—p. 240, Revision of the aaa»&<»^OTi ot ^^ Uxtoaw^ ^1 Um^-, ^. H. lyia^ 
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Acad. ScL, Chicago, transaotionB, 285. 
National, list of papers read at April 
meeting, 439. 

Paris, new members, 284. 
Nat Sci., Philadelphia, proceedings^ 
444. 

Adarn^ Tableau mineralogique, 1 19. 

AdLamia^ J. K, minerals at Pelham, 271. 

^pyomis of Madagascar, 275. 

African Explorations, Livingstone's, 14. 

Afexander^ W, 2>., Crater of Halef^sia, 43. 

AOefk, J. A.J Mammals of Mass., 134. 

Amer. PhiL Soa Proceedings, 288. 

Anmionia-<jhromium bases, Cleve, 251. 

Aniline, Beimann^ 142. 

Asteroid (109), elements of, Rogers^ 141, 
428; Fetera, 277. 

Astronomical Society, abstracts of report 
of, 431. 

Astronomy, see Stars. 

Audubon, life of, noticed, 443. 

Aurora] appearances, cozmected with phe- 
nomena of terrestrial magnetism, J^ew- 
art, 281. 

Australia, diamonds in, 275. 
Dinomis in, 273. 
Smyth's gold fields of Victoria, 263. 

B 

Barnard, F. A. P., machinery of indus- 
trial arts, etc., 176. 

Barometric pressure, distribution of, 440. 

Berihdot^ method for synthesis of organic 
acids, 388. 

BiUings, E., on Crinoidea, 51. 

Binney's Gould's Invertebrata of Mass. 
noticed, 423. 

Bhike^ E, W., on fig^ures produced by 
electric spark, 289. 

Romstrand, conjugate bodies in inorganic 
Chemistry, 110. 

Boston Soc. Nat Hist, Proceedings, 288, 
444. 

Botanical Club, bulletin of the Torrey, 404. 

Botanical necrology for 1869, 129. 

Botanical Notabilia (including notices of 
Bentham's address, 1869; R. Brown's 
Botanical Works; Masters' Vegetable 
Teratology; life of W. H. Harvey; 
Oliver's Flora of Africa; Hooker's 
loones Plantarum; Journal of Linn 
Soc. ; Munro on Bambusaceae ; Baillon's 
Adansonia, etc. ; (Ersted on Oaks ; and 
other papers by Lange, Bunge, Solms- 



Laubach, Braun, Miquel, Pritzel, Mar- 
tauB, Meissner, Rudolph, eta), 120. 
Botany, Development of flower of Pin- 
guicula Tulgnris, 404. 
Flora Brasiliensis, 404. 
Handbook of FenisbyMrs. LyeU,404. 
notes on vegetable physiology, in- 
cluding effects of light, modes of fertili- 
zation, etc, 406. 
Bresse^a Hydraulic Motors, noticed, 144. 
Buchan, distribution of barometric pres- 
sure, etc., 440. 
Buckton^ double chlorids, etc, 254. 
Buoys, lighting power for, 284. 



CMweWa Agricultural Analysis, 143. 

California Geological Survey, 400. 

Capitol at Washington, movement of 
dome by the winds, 384. 

Carpenter ^ W. R, deep-sea dredging, 410. 

Cave mammals, Cbpe, 273. 

Cerium group, double sulphates of, 366. 

Chemicfd analysis, Sprengel's pump in, 
378. 

Chemistry, coigugate bodies in inorganic, 
Blomstrandy 110. 
of Copper, Ihmi^y 163. 
EarofAurfe, noticed, 141. 

Omstyy Beliquiffi Aquitanicse, 144. 

Clarky K J,, polarity and polycephalism, 
69. 

CUvrke. F, TT., separation of tin from ar- 
senic, eta, 48 

Clarke, W, B, Dhiomis and Saurian re- 
mains of Australia, 273. 

Cleve, ammonia-chromium bases, 251. 

Ooan, 71, volcanic action on Hawaii, 393. 
volcano of Kilauea, eta, 269. 

Conrad, T. A.^ mixtures of Cretaceous and 
Eocene fossils, 275. 

Comets, prizes for discovery of, 442. 

Copal of Zanzibar, 123. 

Copey E. />., Extinct cave mammals of 
U. S., noticed, 273. 
megadactylus polyzelus, 390. 

Copper, chemistry of. Hunt, 163. 

Corals, new. VerriU^ 370. 

Cottage Ore Deposits, noticed, 271. 

Crafts, J. M., combinations of silicon with 
alcoholic radicals, 307. 

OrafU^s Qualitative Analysis, 142. 

Crocodile, in Florida, Wyihan, 105. 
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Ikinck, J, />., Geology of the New Haven 

region, etc., noticed, 276. 
Davidaon, G., effects of Sun's heat on a 

sand-hill, 255. 
IMesae, Lithologie des mere, 144, 286. 
Diamonds in Australia, 275. 
Dissociation of ammoniacal compounds, 

laa/mhert^ 387. 
Downing, A. •/:, Fruits, etc, of America, 

noticed, 142. 
Dredging, Ocean, 129, 410. 

E 

Earthquake waves, etc, Cbon, 269. 

Eclipse, see Sun. 

Edwa/rds'a Butterflies of N. America, part 
5, noticed, 427. 

Elam'a Physicians' Problems, 444. 

Electrical machine, form of discharge be- 
tween poles of, WrigM, 381. 

Electric spark, figures produced by, 289. 

Elevations, see Heioht& 

Eozoon in Massachusetts, 75. 

Erdmann, A. J., obituary, 144. 

Erdmann, 0. L., obituary, 144. 

Essex Institute, proceedings of, 444. 

Exposition, U. a Reports of Paris, 287. 



Geological survey of California, 400. 

Ohio, noticed, 400. 
iOeology of the Basm of the Great Lakes, 
etc., Kewherry, 111. 

of the New Haven region, eta, no- 
ticed, Dana, 275. 
see Fossils. 
Gibbs, W., method of avoiding observa- 
tions of temperature and preesuie in 
gas analyses, 377. 
physical abstracts, 106, 251, 386. 
SprengePs pump in analyas, 378. 
Glacial climate, Murphy, 116. 
Goeaamann^ C. A,, chemistry of salt, 78. 
Gold, of Victoria, Smyth, 283. 
Gimld, B. A.f on trans- Atlantic longitude, 

force and will, 277. 
GcuUfa Invertebrata of Mas8.,notioed,423. 
Graham, T., obituary, 144. 
Grape vine, Sulphur-Cure for disease o^ 

noticed, Flayg, 442 
Gray, A., botanical notabilia^ 120. 

necrology, 129. 

notices, 403. 



Fischer's Salt, SadUer, 189. 

Flagg'a Handbook of the Sulphur-Cure for 

the vine disease, eta, noticed, 442. 
Foraininifera in depths of ocean, 415. 
Force and Will, Gt^uld, 277. 
Fossils, .^pyomis, 276. 

birds of Cretaceous, eta, 205, 273. 

Crinoids, BiUinja, 51. 

Dinorais, Ac, in Australia, 273. 

Elasmosaurus of Cope, Leidy, 392. 

Eozoon in Mass , 75. 

Extinct Cave Mammals, Cope, 273. 

Extmct Mammals of Dakota, Leidv 
274. 

on mixtures of Cretaceous and Eo- 
cene, Conrad, 275. 

Upper Helderberg, IlaO, 276. 
Megadactylus of Hitchcock, 6bpe,390. 
Fresenius, Johnson's edition of, 256. 





Gallatin, A. II.. on ammoniimi, and on 
tests for nascent hydrogen, 266, 257. 

Gas, relation of light from, to volume 
consumed, SiUiman, 17. 

Gas well in New York, Wurtz, 336. 

Gasteropoda, sulphuric acid of, 420. 

Geological map of Canada, Logan, 394. 
report of Colorado, tiayden, 258. 
report of the Yellowstone and Misi 
flouri, 118. 



llaliy J,, shells of the Upper Helderbsig, 

eta, noticed, 276. 
Harcouri'a Exercises m Chemistry, 14L 
Hawaii, volcanic action on, Cbon, 393. 
Hayden, report on the Yellowstone and 

Missouri, noticed, 118. 
geol. survey of Colorado, eta, 258. 
Hayes, A. A., color of water of Lake Le- 

man, 186. 
Heat, of combination of boron and silicon 

with chlorine and oxygen, 386. 

emission and absorption of, J^otraa* 
106. 1 y -» 

reflection of, from fluor spar, eta, 
Magnus, 107. 

of Sun, effects on a sand-hill, 255. 
Heights of peaks in Rocky Mts., 398. 
Hesaenberg's Mineralogiache Notizen, 401 
Hind, H, V., Laurentian in N. Scotia, 347. 
Huggins, heat of stars, 108. 
Humboldt, life of, Stevena, 1. 
Hunt. T. S., Laurentian rocks in Mass., 75. 

chemistry of copper, 153. 

on norite, 180. 

Labradorite rocks at Marblebead, 
398. 

Hydrogen, nascent, tests for, 256. 267. 
Hydroxylamin, synthesis of, Loaaen, 254. 



Insects, Packard's Guide to the Study of, 

noticed, 285. 
laambert, dissociation of ammoniacal com- 
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JohraojCa edition of Fresenius^ 256. 
How Cropfl feed, noticed, 403. 



KimbaB, J. P., Silver mines of Chihuahua, 
161. 

Kirkwcodf />., periods of meteoric rinffs, 

429. 
ZtMT, J. G., mineralogy of, noticed, 119. 



Labradorite or norite rock, ffwUj 180, 398. 
Land-slide. Perkins, 158. 
Lartet, Reliquia Aquitanics, noticed, 144. 
Laurentian rocks in Mass., 75. 

and Huronian of N. Scotia, etc.. 347^ 
Xmc/y, J,^ Bkamosaurus platjurus of 
Cope, 392. 

extinct mammalian fauna of Dakota, 
etc., noticed, 274. 
Light, action on sulphurous add, 368. 
ttom gas, see 6a& 
see further Photometric. 
Lighting power for buoys, 284. 
Liyingstone's AfHcan Explorations, 14. 
Lockytr, spectrum analysis, 432. 
laew, O.y action of sunlight on sulphurous 
acid, 368. 
ozone fh>m rapid combustioa, 369. 
Logan's geological map of Cnnada, 394. 
Longitude, trans-Atlantic, QiniUL, 228. 
LosseUy Hydroxylamin, 254. 
Lunar radiation, 433. 
LydPs Handbook of Perns, noticed, 404. 
Lyceum Nat Hist, N. Y., Ann^ 288, 
444. 



Magnus, on heat, 106, 107 ; obituary, 442. 

Mammals of Massachusetts, AUen, 134. 

Marsh, 0, C, bmis from the Cretaceous 
and Tertiary of U. a, 205, 272. 

Metillurgy, Crookes\ noticed, 144, 286. 

Meteoric irons, analysis of, SmWi, 332. 
iron of Franklin Co., 331. 
rings, periods of, Kirkwood, 429. 

Meteorites, fall of, in Alabama, 'SmUk, 90. 

Meteorite, flight of, in Ohio, Smith, 139. 

Meteors, see Shooting Stars. 

Microscope, mechanical finger for, 304 

Milne- Edwards, ^jpyomis, 275. 

Mineralogy, Adam's Tableau, 1 19. 
Kurr's, noticed, 119. 

Minerals* — 

Asbestus, in Mass., 271; Atelestite, 
401 ; Columbium minerals, 4<»2 ; Co- 
rundum in Mass., 272 ; Eulytite. 401 ; 
Gibbsite, 402; Halloysite, 402 ; Leu- 

* Omitted in Index to last volnme. 
^ )f lurnctite in the mica of Pennabury, in reply to 
G. Bote, 800. 



Minerals— 

cite, 335; Mica, 401; Mica alter- 
ed at Pelham, 272; Pencatite, 402; 
Predas5zite, 402: Samarskite, 402; 
Selagite, (a nxi), 401; Tantalum 
minerals, 402; WaveUite, 402. 
Isomorphism of gadolinite, datolite and 
eudase, 400. 

Mmerals of Elba, 402. 

Moon, radiatiou of, 43S. 

Morse, R S., on Brachiopods, 103. 

Murphy, J, J., cause of glacial climate, 
116. ' 

H 

"Nature," a weekly, noticed, 287. 
Naval Observatory Beport on the Eclipse, 

Newberry, J, 8,, Geology of Basin of the 
Great Lakes, eta, 111. 

old water courses, 267. 

on Ohio geological survey, 400. 
Newton, H. A., Nov. meteors, 1869, 244. 
Nickel manufacture, products of, 365. 
Norite or Labradorite rock, iftm*, 180, 398. 
Norkm, W. A., molecular physics, 24 



Obitoabt— 
A. J. Erdmann, 144; 0. L. Erdmann, 

T. Graham 144; George Jones, 284; 

Magnus, 442; Michael Sars, 144; 

P. Unger, 410. 
Ocean, life in depths of, 129, 415. 

temperature of at dep^s, 410. 

on the currents of, 413. 
Ozone from rapid combustion, Loew, 369. 



Packard's Guide to the Study of Ifisects, 
noticed, 285. 

Paris Exposition, Barnard's report, 175. 

Parkhurst, E. M., photo-mapper, 37. 

Perkins, O. H., on a land-slide, 158. 

molluscan fauna of New Haven, 276. 

Peters, K H. R, elements of Asteroid 
(109), 277. 

Photoheliograph, work done with, at 
Kew observatory, 431. 

Photo-mapper, Parkhurst, 37. 

Photometric experiments. Rood, 145. 

Photo-micrography, magnesium and elec- 
tric lights in, Woodward, 294. 

Physicians' Problems, Ekm, noticed, 444. 

Physics, molecular, etc., Norton, 24. 

Plants, see Botant. 

Platinum compounds, Schneider, 109. 

Polarity in animals, and polycephalism, 
Clark 69. , * 

Premium offered by the Netherland So- 
ciety, etc, 284. 

Prizes for diacoN^xy ot ^m<^\j^ VW*i. 
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Proctor, R. A,y star-drift, 436. 
Pynchon^B chemical physics, noticed, 443. 

s 

JRaJOi^ O. v., Mineralogical ContribationB, 

noticed, 401. 
Reale Comitato geologioo dltalia, 401. 
Reimann on Aniline, 142. 
Rogers, W. A,, Asteroid (109). 142, 428. 
Rocky Mts., explorations, WhUiMy, 398. 
Rood, 0. y.f photometric experiments, 

part I, 145. 
Roscoe's Spectrum aDalysis, noticed, 389. 
Royal Society of London, 442. 

s 

SadOer, S. P., Fischer's salt, 189. 
Salt, chomistiy of, Gouamann, 78. 
Bars Amd, 283. 
Sars, Michael, obituary, 144. 
Schneider, new sulphur salts, 108, 263. 

platinum compounds, 109. 
Sea, see Ocean. 

Seeiey, H. (?., Omithopsis, 393. 
Sharawoody W., on &e discovery that 

Unios are sensitive to light, 422. 
Sliooting stars of Nov., 1869, 244. 
Silicon, combinatioDS of, with alcoholic 

radicals, F)riedd db Orafte, 307. 
SUlimaa, B.^ relation of light fVom gas to 
volume consumed, 17. 
on flame tempcraturefl, 339. 
Silver mines of Chihuahua, 161. 
Smith, J. L., Alabama meteorite, 90. 
meteorite in Ohio, 139. 
Franklin Co. meteoric iron ; and anal- 
ysis of meteoric irons, etc , 331. 
oil alkalies in leucite, 335. 
Smith, S. I.. OD Amer. Crustacea, No. 1, 

noticed, 426. 
Smyth, R, B, Gold Fields, etc., of Victo- 
ria, noticed, 2»^3. 
Sorby, spectra of zirconium and uranium 

compounds, 387. 
Spectral analysis of the Stars, 58. 
Spectroscope, a new, ZoUner, 58. 
Spectrum analysis, Lockyer, 432. 

Roacoe'a, 389. 
Star-dritt, 436. 
Stars, heating power of, 434. 
Stars, heat of, Huggina, 108. 
Stars, spectra of, 58. 
Stevens, Henry, life of Humboldt, 1. 
Stewart, B., auroral appearances, etc., 281. 
Storms, telegraph to announce, 282. 
Sulphur salts, new, Schneider, 108, 253. 
Sulphurous add, action of sunlight on, 

Loew, 368. 
Sulphuric acid of gasteropods, 420. 
Sun, eclipse of, 1 34. 



Temperatures of flame. 339. 
Thallium, ethyl compounds of, 389. 
iThe<iry of existence, noticed, 286. 
jTin, separating from arsenic, etc, 48. 
Traill's Treatise on Quartz and Opal, 403. 
Thx>8i, heat of combination of boron and 
silicon with chlorine and oxygen, 386. 



Vegetable, see Botaht. 
Venus, transit of, 435. 
VenriU, A. K, Echinoderms and Corals 
from Gulf of California, 93. 

sea-urchin of N. England, 101. 

deep-sea faunic from recent dredg- 
ings, 129. 

shells of Gulf of California. 217. 

new Corals, 370. 

zoological notices, 129, 273, 276, 423. 
Volcanic crater of Maui, 43. 
Volcano of Kilanea, etc., Cham, 269. 



Water of lake Leman, color of, Hayes, 186. 

Weisbach's Mechanics, noticed. 144, 

Wfiarton, J,, products of nickel mana- 
facture, 365. 

Whitney, J. D., explorations in Ro(^y 
Mt&, 398. 

Winchell's Sketches of Creation, 400. 

Winds, motion of dome at Washington 
by, 384. 

Wing, C, H., on double sulphates. 356. 

Woodward, J. J., magnesium and elec- 
tric lights in photo-micrography, 2M. 

Wright, A. W., form of discharge between 
poles of electrical machine, 381. 

Wurtz, H, gjis well in New York, 336. 
on flame temperatures, 3:^9. 

Wymam, J., on a crocodile in Florida, 105. 



ZfJUner, J. C. F,, new Spectroscope, etc , 58. 
Zoology — 

Brachiopods, early stages of, Morse^ 103. 

Amer. Crustacea, No. 1, Smithy 420. 

Butterflies of N. America, part 5, 427. 

Echinoderms and Corals from Gulf of 
California, VerriU, 93. 

GfMteropods, sulphuric acid of. 420. 

molluscan fauna of New Haven, 276. 

new corals, VerriU, 370. 

Pennatula Family, by Richiardi, 426. 

sea-urchin of N. England, VerriU, 101. 

shells of Gulf of California, F<-rria, 217. 

see farther, FossiLa 



STANFORD UNIVERSITY LIBRAR 

Stanford, California 



NOV 5 - Wd 



/^ 



\ 



